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INTRODUCTION 
The "bulk" system of milk handling is one of the most important recent 
innovations in marketing agricultural products. This system consists of the 
storage and transportation of milk in bulk tanks rather than in cans. Begin- 
ning in California in the late 1930's, this system was widely adopted in 
that state by 1948.1 Since then, the system spread rapidly throughout the 
United States. Bulk milk handling in the iachita, Kansas, area began in the 
fall of 1954.2 By January of 1957, 64 per cent of the producers in the area 
had bulk tanks on thoir farms, and they accounted for 77.8 per cent of the 
milk delivered in the area.3 
As a result, producers and other agencies in the market need specific 
information on hauling costs under the bulk system. This study was conducted 
to provide certain basic cost functions of transporting bulk milk. 
THE PROBLEL 
The situation 4 relative to hauling of bulk milk in the Iiichita area 
evolved from the development of can milk routes. As new can producers came 
into the market, they contracted with independent haulers to transport their 
milk from the farm to the milk plant. If a route was established in his area, 
1The Dairy Situation, United 
p. 20. 
2The Dairy Bulletin, Wichita 
Vol. 8, No. 11, p. 1. 
3 
The Dairy Situation, United 
Table 10, p. 25. 
States Department of Agriculture, June 1957, 
Milk Producers Association, iAovaaber, 1954, 
States Department of Agriculture, June 1957, 
4Prior to June 15, 1956 when Harvey County Nilk Haulers Association was 
formed. 
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the producer would oontraot with the hauler on the route. In some cases, 
haulers were instrumental in bringing new producers into the market, a 
practice known as "building up" a route. Once established, there was an 
element of restriction of entry of other haulers on a route. By tacit agree- 
ment, the right to haul a producer's milk belonged to a particular hauler. 
A route, therefore, took on aspects of a monopoly. Under a monopoly, a 
hauler would theoretically set the hauling rate according to the demand for 
his service and cost curves of his operation. This condition is illustrated 
in Fig. 1. In this model, OP is the rate set for hauling OQ quantity. Since 
normal profits are included in the average cost curve, the area PABC repre- 
sents monopoly profits. It is improbable that any hauling firm has attained 
such a position in the Wichita market. In comparison, Fig. 2 shows that a 
lower rate would exist and a greater quantity hauled under conditions of pure 
competition, assuming the same cost curves of Fig. 1. Cooperative milk 
hauling associations which operate at cost would set a rate OP as in Fig. 2 
for OQ quantity. This would be the minimum rate in the market with these 
costs. 
In most cases, the economic situation with respect to haulers and pro- 
ducers in the Wichita area was other than monopoly or pure competition. An 
absolute restriction of entry among haulers did not exist, nor were producers 
entirely unable to influence hauling charges. Thus conditions existed for a 
degree of competition between haulers, a situation known as monopolistic 
competition. Under monopolistic competition, as shown in Fig. 3, the rate 
would be less than under monopoly but greater than for pure competition. It 
will be near the pure competition rate or milk producer associations may 
begin milk hauling operations. The maximum and minimum rates are set by 
s. 
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Fig. 3. Price established under conditions of monopolistic 
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monopoly and pure competition respectively. The rate under monopolistic 
competition will depend upon the position of the producer association and 
the degree of competition in the market. 
The organization and development of bulk milk routes in the area was a 
transition from can to bulk hauling. But the same economic structure still 
existed. A need developed in the market for hauling cost information under 
the bulk system. This lack of knowledge caused uncertainty to exist among 
producers and haulers about hauling charges. In one instance, producers 
formed a hauling cooperative when the independent hauler failed to meet their 
request for lower hauling charges? The Wichita Milk Producers Association 
expressed interest in hauling cost information to imarove the producers' 
position with respect to hauling rates. 
Short-run and long-run cost information is needed in the nlchita, as well 
as other milk marketing aroas. The latter is known as economies of scale. 
Short-run average total cost is the basis for establishing the hauling; rate 
in the market. As seen in Fig. 2, hauling cooperatives tend to set the rate 
equal to the lowest point on the average total cost curve. A possibility of 
Milk Producer Associations operating hauling units exists in the market if 
independent hauler rates exceed this level. As a result, independent hauler 
rates tend to nearly equal the rate set by cooperatives. Hauling oast in- 
formation was needed in the market to establish the minimum rate equal to the 
lowest average total cost. 
Total costs are needed before average costs can be known. The relation- 
ship between total and average costs is shown in Pigs. 4 and 5. In Fig. 4, 
The Harvey County Milk Haulers Association was formed June 15, 1956. 
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Fig. 4. Relationship of total fixed, total variable, 
and total costs. 
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Fig. 5. Relationship of average and marginal cost 
curves. 
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OF is total fixed costs. Total variable cost is the area beneath the total 
cost curve and above line FC. In Fig. 5, AFC is average fixed costs, AVC 
average variable costs, ATC average total costs, and MC marginal cost. 
Because of load capacity limits, the average total cost curve for milk 
hauling units is shaped as shown in Fig. 7. In this study, functions were 
developed to determine total annual costs. Average total costs were obtained 
fron the total costs. 
Long-run costs provide information on the efficiency of different size 
hauling units. This information is useful when purchasing new units or 
replacing old units. Fig. 6 shows the relationship between short-run average 
total cost and economy -of -scale cost curves. Bridge load limits and farm- 
stead maneuverability act as restraints to size of unit for hauling milk, as 
indicated byline QR. Unit C would be the maximum size unit which oould 
operate under these restraints. Although long-run cost information was needed 
in the market, this study was united to short-run average total ousts of a 
specified unit without attempting to determine the position of this unit on 
the economy-of-scale-cost curve. 
OBJECTIVLb 
A major objective of this study was to determine the cost of hauling 
milk by the bulk system under the existing organization of routes for a 
specific technology and time period. To achieve this objective, it was 
necessary to (1) develop a truck cost function for a specific technology, 
(2) to develop a route labor time function, and (3) to desoribe existing 
bulk milk route organization in the area. 
Another objective was to determine possible improvements in the present 
bulk assembly process of the market. 
R 
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Fig. 6. Relationship between short-run and economy-of- 
scale cost curves. 
Output 
Fig. 7. Short-run average total cost curve. 
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ANALYTICAL mom, 
The cost of hauling milk involves inputs of physical resources and the 
prices of these resources. In this study, physical inputs were classified 
into truck chassis, tires, tank, operating, overhead, and labor inputs. 
Appropriate prices were applied to each of these inputs. Truck chassis and 
tires costs together with operating and overhead costs were combined into a 
truck cost function. A separate cost function was derived for the tank. 
Labor inputs were divided into labor route time and plant time. Time 
functions were derived for each of these activities. Appropriate wage rates 
were applied to the labor requirements to obtain labor costs. 
Truck and tank costs together with route labor costs gives total route 
costs. Cost per route mile was obtained by dividing total route costs by 
route miles. The estimated hauling cost for a hundredweight of milk was 
obtainod by dividing the total route costs by the volume of milk in hundred,. 
weights hauled on a route. 
Truck Cost Function 
Truck costs for a specified tine period, technology, and use may be 
estimated by a function of the following general form: 
Tr a f(Cd, Ct, Ci, Cit, Cr, Td, Tt, Ti, Tit, Tr, To, G, 0, L) 
where T 
r 
= annual truck cost 
C 
d 
= annual chassis depreciation cost 
C 
t = 
annual chassis property tax cost 
C = annual insurance cost 
C 
it 
= annual cost of interest on chassis investment 
C 
r 
= annual chassis repair cost 
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Td = annual tire depreciation cost 
Tt = annual tire property tax 
Ti = annual tire insurance cost 
Tit = annual cost of interest on tire investment 
T 
r 
= annual tire repair cost 
T 
o 
= annual truck overhead costal 
annual Gasoline cost 
0 = annual oil cost 
L = annual lubricating cost 
Tank Cost Function 
Tank costs nay be estinated by a function of the following general form; 
Ta = f(Kci, K K it' -r 
where = annual tank costs 
= annual tank depreciation cost 
t 
= annual tank property tax 
.=annual tank insurance cost K 
Kit = annual cost of interest on tank investment 
Kr = annual cost of tank repairs 
'77 
Route Labor Time Function 
Route labor time require ,T be estimated by a function of the 
follcwing Gcneral form.' 
Tr, = 14.2 
S S 
PI p2 
S 
4 + S (Fat ) E Pi 
at 1 
P4 
1 Annual Truck Overhead Costa includes licenses and permits, tags, and 
accounting service. 
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where T 
m 
= minutes of route labor time 
M = miles from city limits to first bulk stop 
S 
171 
it speed of travel for distance 
= miles of travel from first to last bulk stop 
S 
P2 
= speed of travel for M 
2 
distance 
M3 = miles of travel from last bulk stop to city limits 
S 
P2 
SS speed of travel for 313 distance 
M 4 = miles of city travel (entering and leaving city) 
S 
P4 
= speed of travel for M distance 
S = number of farm bulk stops 
Fe = fixed farm stop time (including fixed pumping time) 
T = pumping time per pound of milk 
P = pounds of milk pumped at ith farm on route 
Plant Labor Time Function 
Plant labor time requirements maybe estimated by a function of the 
following general form: 
Pm is Pf 4. Pp 
where pm = minutes of plant labor time 
P f = plant fixed time 
P = plant pumping time 
ANALYSIS 
Existing Technology 
Seventeen of the 18 trucks used in the Wichita area on which information 
was obtained in July of 1956 were single axle trucks varying in size from two 
to three tons. The other truck was a tandem axle truck. Fire major brands 
of trucks were used by the haulers indicating that no particular brand of 
truck was preferred by haulers. St/vat:teem-hundred gallon bulk tanks were 
mounted on 15 of the trucks and 1900 gallon tanks on the other three trucks. 
Seventeen of the bulk tanks were of stainless steel interior construction. 
The predominate exterior finish for these tanks was painted mild steel. The 
other tank was of fiber glass construction. Pump capacities ranged from 8$ 
to 85 gallons per minute with the majority in excess of SO gallons per minute. 
Three major brands of tanks were included in the sample. 
Specified Teohnology 
For the purposes of this study a truck and tank of a definite sire and 
description was selected. 
In seleeting the sine of unit to be used in this analysis, consideration 
was given to oertain limitations on sites These limitations consist of 
bridge load limits, legal load limits, maneuverability on roads and in farm 
steads, manufacturers specifications and volume of milk per route. It is 
recognised that routes could be re-organised to supply a larger volume of 
milk per route, but route reorganisation is outside the scope of this study. 
Rather it is the purpose of this study to fit the most economical hauling 
unit to existing route conditions. 
Sine* a MO gallon tank was used by a majority of the haulers and is 
well suited to the volume of milk on most of the routes, this Ono tank was 
selected for this study and will be called type A tank. Detailed specifies,. 
tions of a type A tank can be found in Appendix Table 21. 
A two and one-half ton type A truck was selected for the 1700 gallon 
tank. Engineering data from truck and tank manufacturers were used in 
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fitting this sise truck to the tank and load weight. Detailed specifications 
for this type A truck are given in Appendix Table 22. 
Truck and Tank Life 
The useful life of a fixed asset is determined by physical and economic 
factors. Miles of travel per year, miles of use before major repairs, cost 
of repairs, trade -in value, improved. technology of newer models, and capital 
available influence the period of use of a truck. No definite period of use 
of trucks used for bulk hauling had been established in the Wichita area. 
The estimated period of use by owners varied from one and one half to four 
years with a modal period of two years. A number of operators actually pur- 
chased new trucks every two years. It was assumed that the truck used in 
this study would be used for two years and then traded in on a new truck. 
At the present time the period of use of bulk hauling tanks is difficult 
to estimate. Haulers generally assumed a 10 year useful life for these tanks 
and this period of life will be assumed in this analysis. 
Equipment Prices 
Separate F.O.B. central Kansas price quotations were obtained for the 
two and one-half ton type A truck and tires. These prices are listed in 
Appendix Table 22 and include excise and sales tax. Total cost of the 
chassis was $4,073.28. Tiros were valued at $1,281.81 giving a combined 
cost of $5,280.07. Many operators reported paying less than the above amount 
but two paid approximately the prices listed. 
F.O.B. central Kansas price for the 1700 gallon type A tank are given in 
Appendix Table 23. The total cost of this tank, including excise and sales 
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tax Was $t,081.20. Nast haulers reported costs someehat less than the above 
price but two owners paid acre. 
Truck Costs 
Truck costs in this analysis are separated into chassis, tire, tank, 
operating, and overhead costs. The chassis, tires, and tank costs are °on 
sidered separately rather thanes a unit beeause different methods of depro- 
(dation, are applied to each of these pieces of equipment. 
Chassis Deoreciatiop. One of the major costs of a fixed asset is depre- 
oiation. The common procedure in detenalmwg depreciation costs is to assume 
a useful life of the asset and then select a method of calculating the cost. 
The useful life of an asset is determined by use and obsolescence. Generally, 
the straight line, declining balanoe, or sum of the digits method is used in 
calculating depreciation costs. 
In actual practice each manager has his own subjective estimate of the 
appropriate rate of depreciation. This estimate is influenced by his notions 
or the physical and esonamio life of the asset being considered. Other 
factors such as tax considerations may influence his method of depreciating 
a fixed asset. 
The method of chassis depreciation used in this analysis is based on an 
"average" market or trade-in value. This method assumes that the truck would 
be an average truck and that truck prices and technology would remain oonstant 
for the time period relevant to this analysis. Dmpreoiation rates for the 
truck chassis were derived from figures found in the National Automobile 
Dealers Used Car Guide and are given in Table 1. 
Table 1. Annual depreciation rates as a per cent of new price assumed for 
two and one-half ton type A truck chassis without tires, central 
Kansas, 1956.a 
Type of Depreciation 
$ Years of use 
1 2 3 4 
Annual depreciation 
Cumulated depreciation 
Per cent of new price 
32.988 15.308 
32.988 48.296 
12.580 8.736 
60.876 69.612 
aRates computed from data reported in National Automobile Dealers Association 
Used Car Guide, April, 1956. 
When these rates are applied to the truck chassis value presented in 
Appendix Table 22, annual depreciation costs are obtained. These costs are 
shown in Table 2. Some error is introdnced by this method due to the fact 
that the trade-in values used in computing chassis depreciation rates included 
the value of the tires. However, this error wax considered negligible. 
Table 2. Estimated annual and cleaulated depreciation costs far two and one- 
half ton truok type A without tires, central Kansas, 1956. 
Item 
Years of use 
0 e 3. c 2 i 3 4 
Annual depreciation 
- ;.1,545.34 .;$ 624.30 513.04 356.28 
Cumnlated depreciation - 1,345.34 1,969.64 2,432.63 2,838.96 
Net value of chassis $4,073.26 2,732.92 2,103.62 1,595.58 1,239.30 
This method of depreciation seems realistic since the used car guide 
represents the average market value for the asset. In actual practice, a 
particular truck may be worth more or less than the average due to the owner 
bargaining ability and the condition of the truck. It was assumed is this 
study that the truck will have an average market value. 
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Chassis Property Taxes. The State Commissioner of Revenue and Taxation 
has authority over motor carriers having either a certificate of convenience 
or necessity or an interstate License. The Commission is also authorized to 
Issess only over-the-road motor vehicles and rolling equipment, exclusive of 
vehicles used solely or mainly for local transportation in a particular 
community or area, or for local pick up and delivery. 
1 
Since the hauling operations of this study were assumed to meet the test 
of a local area operation, assessment procedures in the ,Zichita area were 
followed 
Assessed valuations for the two and one-half ton type A truck for 1955 
and 1956 were obtained from the Kansas Personal Property Assessment Schedule. 2 
Estimated assessed values for the tires were deducted to determine an estimated 
value of the chassis. The 1955 levy for the city of -Achita of 79.4 mills3 
was applied to the average assessed value of 41,140.16 for the first two years 
of life to obtain annual property tax of 490.63 for the truck chassis. 
Assessed values are given in Table 5. 
Hauling firms qualifying for assessment at the state level would be 
taxed at a lower rate than the levy assumed in this study since the average 
state levy for motor vehicle property was $49.88 per 01,000 of assessed 
value. 4 
1 F. A. Palmer, Chief, Ad Valorem Division, State Commission of Revenue 
and Taxation, Topeka, Kansas, letter to Dr. Paul L. Kelley, Department of 
Economics and Sociology, Kansas State College, November 20, 
2Compiled by the County Clerks Association of the State oi Kansas. 
3Kansas Government Journal, League of Kansas Municipalities, January, 
1956, Table 3, p. 27. 
4F. A. Palmer, Chief, Ad Valorem Division, State Commission of ievenue 
and Taxation, Topeka, Kansas, letter to Cr. Paul L. Department of 
Economics and Sociology, Kansas State College, Nov, 20, 1956. 
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Table 3. Estimated assessed valuation of two and one-half ton type A truck 
without tires, central Kansas, 1955 and 1956. 
Item Dollars 
s 
Dollars 
Assessed valuation of two and one -half ton type A 
truck in 1956a 1,660.00 
Less assessed valuation of tires in 1956 b 503.13 
Estimated 1956 assessed value of truck less tiros 1,156.87 
Assessed valuation of two and one -half ton type A 
truck in 1955a 1,375.00 
Less assessed valuation of tires in 1955 251.56 
Estimated 1956 assessed value of truck less tires 1,123.44 
Average annual assessed value of truck excluding 
tires for first two years of use 1,140.16 
Average annual assessed value of tires for first 
two years of use 377.35 
aXansas Personal Property Assesament Schedule, 1956, p. 62. 
b Computed by using the ratio of market price to assessment value of new tube 
tires and tubes and using this ratio for tabeless tires used if this study. 
See Table B. 
Chassis Insurance. Trucks operated under the jurisdiction of the Xansas 
Corporation Commission are required to carry a minimum liability insurance in 
amounts of 410,000 per person for bodily injury, X20,000 per accident for 
bodily injury, and 45,000 per accident for property damage. The amounts of 
$50,000, 4100,000, and $10,000 were used in this study. Premium quotations 
were obtained from several major insurance companies and the lowest rate was 
used in this study. Premium quotations were Given for the chassis, trin, and 
tires as a unit. For the purposes of this analysis, the annual insurance 
charge as allocated to each of these items on the basis of the relative 
values of the purchase price as shown in Table 4. These allocated charges 
are given in Table 5. 
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Table 4. Percentages of totally equipped truck coat for purposes of pro- 
rating insurance costs on two and one-half ton type A truck and 
bulk tank, central Kansas, 1956. 
Item 
$ Cost of 
tank t 
Coat of $ 
tires s 
Cost of s 
chassis s 
Total cost 
equipped 
Base price amount $6,465.00 $6,465.00 0.,205.50 0,998.29 411,668.79 
free of excise tax 1,596.00 
Taxable-excise 4,869.00 
------- 
Federal excise tax 
10 per cent 486.90 486.90 
Poundage 52.20 52.20 
Sales tax 129.30 24.11 79.97 233.58 
Total 7,081.20 1,231.81 4,073.26 12,441.27 
Per cent of total 56.925 10.305 32.735 1005 
Table 5. Annual Insurance protitiuna Dor first two years of coverage for type 
A bulk tank, tires, and. t7To and one-half to Type truck chassis, 
central Kansas, 1956.a 
Item Chassis Tires Tank i Total 
Maximum coverages 
t50,000 per person bodily injury 
4100,000 per accident bodily injury 
`10,000 per accident property damao .4.63 4.61 '25.50 
Yedicalt includinf. extended medical of 
2.62 0.83 4.55 3.00 a,000 per person 
Comprehensives 10.49 3.30 18.21 32.00 
Collision: 23.99 7.54 41.67 73.20 
Total: 51.79 16.28 89.93 158.00 
a, Aates are based on the assumption that trucks are either farmer owned or 
co-op owned to be used in pica ing up ullk in rural areas and taking it to 
some particular delivery point either in Wichita or elsewhere. 
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Interest on Chassis Investment. Annual chassis investment for the two 
year period of use was obtained by calculating the average investment over 
the period and applying a five per cent interest rate to the average invest - 
went. These calculations gave an annual investment cost of 0145.66. The 
procedure used in determining the average investment is given in Table 6. 
Beginning and ending values were obtained from. Table 2. 
Table 6. Method of computing investment value for first two years of life 
of two and one-half ton type A truck, central Kansas, 1956. 
Items Dollars 
Value beginning of first year 
Value end. of first year 
Average lue first year 
Value beginning of second year 
Value end of second year 
Average value second year 
Average value first two years 
4,072..26 
2,732.03 
2,732.93 
2,106.62 
. 9 
2,420.76 
2,913.18 
Chassis Repairs and .10.intenanse. Truck repairs are difficult to define 
as an expense category. Prudent business practice does not allow setting up 
as capital additions the various components of a major overhaul job if these 
components are added over a period of weeks. Realistic accounting suggests 
that it is difficult if not impractical to distinguish in practice between 
so-called repair and cspital addition in the operation of milk hauling trucks. 
since menagerial decisions are made on the basis ea charging most of the 
overhaul costs to repairs, there is substantial basis for using data compiled 
in this manner to estimate repair and maintenance costs for the truck chassis. 
Such data ware obtained from the operations of 15 can-hauling trucks in the 
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Wichita area for the year 1955, (Appendix Table 25). 
These data were used for estimating repair costs in this study since 
the can trucks were of similar size and age and operated under essentially 
the same road conditions as bulk trucks. A simple linear regression equation 
fitted to these data is as follows: 
C 
r 
= -47.6529 + .0213 c 
where C 
r 
= annual truck repair costs in dollars 
Ma = annual miles of travel 
Tire Depreciation. Tire depreciation was assumed to be due primarily to 
use although some depreciation will take place without travel. Survey data 
of Wichita bulk milk haulers for February 1956 showed that eight truck 
operators recapped and seven operators did not recap truck tires (Appendix 
Tables 26 and 27). Average estimated miles of use for tires v4iioh were not 
recapped was 62,857 miles for front tires and 60,714 miles for rear tires. 
Average estimated miles of use before recapping tires was 47,500 miles for 
front tires and 43,125 miles for rear tires. Average estimated miles of use 
after recapping was 30,714 miles for front tires and 29,285 miles for rear 
tires. In this study it was assumed that tires would be recapped, and that 
miles of use for both front and rear tires would be 50,000 miles before re- 
capping, and 30,000 miles after recapping. 
Interviews with dealers who recap tires indicate that a charge of $25.00 
per tire oould reasonably be assumed for recapping. At the start of each 
recap period each tire was valued at recap charge plus $15.00 carcass value. 
The value of tires when new can be found in Appendix Table 22. The method 
of computing tire depreciation costs in this analysis is illustrated in 
Table 7. 
Table 7. 7othod used for computing tire depreciation cost for tires used 
on two and one-half ton type A bulk milk truck, oentral Kansas, 
1956.a 
Item Dollars 
First period 
Value of tires new 1,281.81 
Value at 50,000 miles of use 90.00 
J,eprociation cost for first period 1,191.31 
Second period 
Value of tires beginning of let recap period 240.00 
Value at 80,000 miles of use 90.00 
Depreciation cost for second period 150.00 
Third period 
Value of tires beginning of 2nd recap period 240.00 
Value at 100,000 miles of use 140.00 
Lopreoiation cost for third period 100.00 
Total depreciation cost 1,441.81 
Average annual depreciation cost 720.90 
aThie e=mplo assumed 100,000 miles of use. 
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This method of computing tire depreciation costs was applied to the 
estimated annual mileages of 18 bulk trucks operating in the -wionita market 
during the sammor of 1956 (Appendix Table 30). These budget estimates of 
tire depreciation yielded the following linear regression equation: 
Td= 432.32 + .00511a 
where Td = estimated annual dollars of tire depreciation 
Ma = annual miles of travel 
Tire Property Tax. The average annual assessed value of the tires for 
the two year period was con,Duted in the same manner as previously reported 
for the truck chassis and is reported in Tables 3 and 8. This value was 
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multiplied by the 79.4 mill levy which resulted in an annual cost of $29.96. 
Tire Insurance. Insurance costs of tires were determined by pro-rating 
the tire value to the total insurance cost for the complete trucking unit. 
The annual tire insurance cost of 0.6.25 is reported in Table 5. 
Interest on Investment in Tires. The average value of an asset can be 
computed by the straight-line depreciation method if no substantial capital 
additions are assumed during the life of the asset. In this analysis, 
capital additions to tires in the form of recap value were assumed at 50,000 
miles and each additional 30,000 miles of use. The method of computing 
average annual tire value over the two year period for each of the 18 bulk 
trucks operating in the Wichita market during July of 1956 is outlined in 
Table 9, Tho miles of travel during the two year period were estimated from 
route mileage obtained on these trucks during July of 1956. A five per cent 
rate of interest was applied to the average annual value to obtain average 
annual cost of interest on tire investment. Appendix Table 30 gives the 
estimated miles of annual use, average annual tire value, and the annual 
interest on tire investment for the 18 bulk trucks. 
A simple linear regression equation fitted to these costs and mileages 
is as followst 
Tim 43.521 - .0004 Ma 
where Ti = average annual interest cost on tire investment 
M a= annual miles of travel 
Table 8. Estimated assessed values of front and roar tires for two and ono-half type A truck, Wiohita, 
Kansas, area. 
* New price s Assessed e Assessment a Est. assessed: Est. assessed:Est. avg. annual 
Item :per tire plus* value e 
e all taxes s new tires * 
ratio new : value per sets valuo por sett 
tires of new tiros* 1 yr. old : 
assessment 
1st 2 years 
Front Tiressb 
10 -22.5 (10 ply) 4182.32 470.47d 36.65 ;)140.93 070.46 4105.70 
9-20 (10 ply)a 181.11 70.00° 36.65 
Rear Tiress b 
11-22.5 (12 ply) 229.29 90.55d 39.49 362.20 181a() 271.65 
10-20 (12 ply). 227.90 90.00° 30.49 
Total 4503.13 4251.56 $377.35 
aEquivalent to 10 -22.5 tubeless tire. 
bTwo front tires and four rear tires used. 
°Obtained from Kansas Personal Property Assessment schedule 1956. 
dComputed by multiplying estimated assessment ratio times new tire price. 
°Equivalent of 11 -22.5 tubeless tire. 
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Table 9. Procedure for estimating annual tire investment for 18 bulk trucks 
in Wichita, Kansas, Milkshed in July of 1956. 
Item Dollars 
Miles of use per year 50,000 
Miles of use per month 4,167 
Months of new tire use 12.0 
Months of use - 1st recap period 7.2 
Months of use - 2nd recap period 4.8 
Tire value new 
Tire value at 50,000 miles 
Average value - first period 
Tire value beginning of lst recap period 
Tire value at 80,000 miles 
Average value - second period 
Tire value, beginning of 2nd recap period 
Tire value at 100,000 miles 
Average value - third period 
685.90 x 12.0 = 8,230.80 
165.00 x 7.2 = 1,188.00 
190.00 x 4.8 = 912.00 
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1,281.81 
90.00 
685.90 
165.00 
190.00 
430.45 
240.00 
90.00 
240.00 
140.00 
81 
24.0 10,330.80 
Average annual tire value for 2 year period 10,330.80 
Tire Repairs. Tire repair cost per mile of travel was estimated from 
cost data of 15 can trucks operating in the Wichita area (Appendix Table 25). 
Tire sizes and operating conditions of these can trucks wore assumed to be 
approximately the same as for the two and one-half ton type A truck used in 
this analysis. A simple linear regression equation fitted to the data for the 
can trucks is as followst 
Tr=- 31.3313 +.0014iia 
where T 
r 
= annual tire repairs in dollars 
M a = annual miles of travel 
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Tank Costs 
Tank Depreciation. The use of the bulk system is too new to have 
established a definite pattern of useful life for bulk tanks. The modal years 
of bulk tank life estimated by tank owners in the Wiohita area was 10 years. 
It was assumed in this study that the bulk tank would be kept for the period 
of its useful life. The original cost of the tank was estimated at 57,081.20 
(Appendix Table 25). Assuming a 10 year useful life and a 5500.00 salvage 
value results in an average annual depreciation oost of 5858.12 by the 
straight line depreciation method. 
Property Tax on Tanks. The suggested methodl used in deteraining 
property tax on bulk tanks in Wichita is given in Table 10. 
Table 10. Assessed values and annual property tax for bulk tanks in Wichita, 
Kansas, 1956. 
Item Dollars 
First year 
Value of tank 7,081.20 
Assessed value of tank* 4,248.72 
Second year 
Value of teal? 5,684.96 
/Lased value of tanks 3,598.96 
Average assessed value of tank for two year period 5,825.85 
Annual property tax for two year period° 505.81 
4/10 per cent of value 
520 per oent depreciation is allowed second year 
1956 levy of 79.4 mills in Wichita 
1E. M. Bell, Office of County Assessor, Wichita, Kansas, letter to Dr. 
Paul L. Kelley, Department of Eoenomies and Sociology, Kansas State College, 
December 17, 1958. 
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Tank Insurance. Liability, medical, comprehensive, and oollision in- 
surance oasts alleviated to tank costs are reported in Table 4. In addition, 
the Kansas Corporation Commission requires that operations classified as in- 
trastate eoemon carriers have cargo insurance in the amount of $1,000 for each 
piece of equipment.) Cargo insuranoe eases under the heading of Marine 
Coverages, and policies for the units considered in this analysis can be 
obtained for $15 per year for $1,000 of insurance. Loss coverage includes 
fire, wind, hail, explosion, falling aircraft, collision, upset or overturn. 
This coverage applies when the cargo is loaded and remains in effect until the 
cargo is unloaded. In general, cargo insurance pellet.s awry a 100 per sent 
ea-insurance which means the insured agrees to carry cargo insurance on at 
least 100 per cent of his insurable value. In case the co-insurance agreement 
is not met, then the insured becomes a co-insurer by the amount of his deficiency 
in the insurance to the amount of risk. 
For the truck operations considered in this analysis, the maximum load 
that could be carried in a 1700 gallon tank, disregarding load limits, is 
14,800 pounds of milk. At a value of $8 per hundredweight, the maximum value 
of the risk is $720. Therefore, a $1,000 policy would be sufficient. 
Interest on Tank Investment. Since a straight line depreciation rate 
was assumed on the bulk tank, the value at the end of the first year was used 
as the average tank value for this analysis. This value was $8,423.08. Using 
an assumed interest rate of 5 per cent resulted in an average cost of $321.15 
for interest on tank investment. For certain accounting purposes the average 
1R. 7f. MoKinley, Chief Clerk, Motor Carrier Division, State Corporation 
Commission, Topeka, Kansas, letter to Dr. Paul L. Kelley, Department of 
Economies and Sociology, Kansas State College, December 5, 1966. 
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investment value over the life of the tank may be more appropriate than the 
average value over the first two years of life. 
Tank Repairs. Gaskets were estimated to cost approximately $30 per year. 
From estimates of drivers, repair costs on the pump and motor would be about 
$15 per year. Sixteen feet of plastic hose was assumed to last three years 
with an estimated replacement out of $68. Annual cost of these three its 
was assumed to be $87.87. Sampling equipment was assumed to be furnished by 
the plant receiving the milk. 
Operating Costs 
Gasoline Costs. Although some gasoline is used for starting the engine 
and during engine idling periods, gasoline consumption is seemed to be 
primarily related to distanoe traveled for bulk milk hauling truoks in this 
analysis. Based on estimates of bulk milk truck operators, these trucks 
averaged 7.219 miles per gallon of gasoline in the Wichita area. The average 
reported price was 22.71 cents per gallon. These data are similar to those 
reported for 15 can milk truoks operating in the Wichita area in 1955. Since 
the oan truck data were considered applicable to bulk operation, a gasoline 
cost functionless derived from thews data. This equation is as followss 
G + .02938 Ma 
where G st annual cost of gasoline in dollars 
ma= annual miles of travel 
Oil Costs. The quantity of oil per oil change, the quantity of oil used 
between oil changes, and the frequency of oil changes together with the price 
of oil determine oil costs. The quantity of oil per dhange is determined by 
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the sise of the engine, and the quantity used between oil changes is deter. 
mined by the mechanical eondition of the engine and the frequency of oil 
changes. The frequency of oil changes is subject to the notions of the 
operator and is generally based on a certain distance in miles. 
The average distanoe between oil changes reported by the Wichita haulers 
in February of 1956 was 1980 miles. An average of 7.43 quarts of oil were 
used per oil change with 2.15 quarts added between oil changes. The average 
cost of oil reported by the haulers was 52 cents per quart. Using this in. 
formation, the average cost of oil per mile for this analysis was computed to 
be .1545 cents. This cost was somewhat higher than a cost per mile of .1573 
cents computed for 16 can hauling trucks in the Wichita area for 1965. 
Lubrication Cost. February of 1986 survey reports of Wichita haulers 
indicated that the average number of miles between grease jobs was 1,067 miles 
and the average cost of a grease job was $1.68. This resulted in a cost of 
.1574 cents per mile. Again this cost was substantially higher than the soot 
of .1195 cents per mile for the 16 can trucks operating in the area during 
1955. 
Overhead Costs 
Principal its of overhead cost coneidered in the analysis were tag 
fees, Kansas Corporation Commission fees, milk tester's license and permit, 
ohauffeur's linens and bookkeeping costs. 
Tag or truck registration fees of $125 are charged for trucks having a 
gross vehicle weight of 20,001 to 24,000 pounds, if the tag is purchased 
between January and March eaoh year. 
No oosts were assumed for KCC permits in this study. However, there are 
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hauling operations in which such costs must be considered. Such costs can be 
determined as follows' 
The transportation of milk from the producer to the dairy or to 
sell has been considered an exempt operation by the Commission. If 
the operator is transporting milk from one dairy to another dairy, 
this, of course, would be either a contract or a common carrier. 
If he is operating for hire or if he is buying the milk from one 
dairy and reselling it to a dairy, it will be a private carrier 
operation. 
On the contract and private carrier operation there is a filing 
fee of 10 for each power unit registered under the authority. Under 
the common carrier or public carrier, the filing fee is .20. ehe 
regulatory fee, of course is 30, the same as on the contract and 
private carrier) 
Bulk milk haulers must obtain a milk tester's license from the State 
Dairy Commissioner. In addition, they are rewired to bevel a chauffeur's 
license and a city truck permit in the eichita are'. Pee annual cost of 
these permits was estimated at 0.50. Bookkeeping costs were estimated from 
the survey reports at 400 per year. Combined overhead costs totaled 134.50 
per year. 
Transportation Cost 
A three v'r cent transportation tax must be paid under certain specified 
conditions but is not included in the cost calculations of this study. ehere 
applicable, this tax is payable to the U. S. Treasury Department. The person 
who makes payeent of transportation charges is liable for the tax payment and 
this liability cannot be shifted by contract. Certain exemptions, however, 
are provided, 
IR. 7f. e:oKinley, Chief Clerk, Looter Carrier Division, State Jorporation 
Commission, Topeka, Kansas, letter to Dr. Paul L. Kelley, Department of 
conemics and Sociology, Kansas State College, Deooiber 5, 1956. 
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A Cooperative or Mutual Association organized and operated for 
the purpose of marketing the produce of its members is not engaged 
in the business of transporting property for hire to the extent of 
the trucking services furnished by it to its members with its own 
trucks. However, in the event trucking services are furnished to 
the members which are not performed in connection with the marketing 
of their produce, the cooperative is engaged in transporting property 
for hire, according to IRS. 
A mutual cartage oompany or association organized and operated 
for the purpose of furnishing a trucking service to its members in 
the operation of their separate business is held by the IRS to be 
engaged in the business of transporting property for hire even 
though the charges to the members cover only the actual cost of 
operating the trucks.1 
Route Time 
Route time is determined by the number of stops, time spent at each 
stop, distance between stops, total distance, and speed of travel. hstimate 
of the time required for various route operations were derived by a time and 
motion analysis of bulk milk hauling operations in the Wichita area during 
the summer of 1955. 
Total Farm Stop Time. For the purposes of the time and motion study, 
a bulk tank stop was defined to be the total elapsed time from the point of 
leaving the main road and entering the farm lane to the time the truck again 
entered the main road. The various elements originally defined in total stop 
time were (1) enter farmstead and position truck, (2) measure weight of milk, 
(3) read and record temperature of milk, (4) record weight of milk, (5) agitate 
milk, (6) attaoh hose to farm tank, (7) obtain milk samples, (8) pump milk, 
(9) disconnect and reassemble hose in truck, (10) rinse farm tank, 
1Harry W. Lash, Acting Chief, eview Staff, Internal hevenue Service, 
Treasury Department, Vichita, i:ansas, letter to Dr. Paul L. elley, Depart- 
ment of Loonomios and Sociology, Kansas State College, March 21, 1957. 
(11) oonvereation time, (12) travel from milk house to road. Since certain 
of the bulk stop operations could be performed on various independent and 
joint sequences, stop elements were ocabined into four major categorise as 
fellows: (a) fixed stop time, (b) pumping time, (o) lane time and (d) waste 
time. 
Total Step time varied from 8.83 to 34.48 minutes with an average of 
15.57 minutes. The above maximum and minimum figures are given for general 
information and were not used in the route time funetion. 
Fixed Farm Stop Ties. Fixed farm stop timeliest defined to b total stop 
time less all lane pumping and waste time. It includes elements 2, 3, 4, 5, 
6, 7, 9, and 10 of the items originally- defined in stop time. Fixed stop 
time ranged from 4.65 to 18.92 minutes per stop with an average of 9.01 
minutes for all stops. Average fixed time per stop per route ranged from 
5.84 to 12.33 minutes with an average of 8.98 minutes. Average fixed time 
per farm stop per driver varied from 6.83 to 12.83 minutes with an average 
of 8.87 minutes. In this analysis, the fixed time per farm stop was assumed 
to be 8.98 minutes. 
.2.Ltg Time at Farm 2122 Pumping time is the Chief variable time 
element in a bulk pick-up stop. Pumping time was defined as the actual time 
spent in pumping from the time the motor was started until it was turned off. 
Pumping time and volume information was obtained for 113 farm stops. As noted 
earlier pump capacities varied from 35 to 85 gallons per minute. A simple 
linear regression fitted to these data yielded the following equations 
Ti ei .8488 + .0025 P 
*here T1 s pumping time in minutes and 
P member of pounds of milk 
melftwo. Lane time is the travel time required for entering and 
leaving the farmstead. This time ranged from 0.83 to 8.85 minutes with an 
average of 2.23 minutes per farm. Lane time figures are not used in this 
analysis because this time is included in the route travel time from the 
first to last stop. 
Waite Farm Stop Tine. Waste farm atop time ineludes the oonversation 
and other personal time that actually slows down the piekwp process. This 
time ranged from 0 to 7 minutes with an average of 0.46 minutes per farm 
stop. Waite time is not ineluded in rout tins in this analysis. 
TravelIk2, atzLimits to First 2142. Route mileages from the city 
limits to the first farm stop which used in this analysis are calculated 
mileages. Therelbre, measured time data were not available for this type of 
route distance. However, in the 1955 time and motion survey, speeds were 
recorded at random for the various trucks when traveling from their point of 
origin to the first step. A simple average of these speeds was 45 miles per 
hour. This figure was used in the analysis. 
Travel tins First to Last Bulk Eta. Mileage was recorded daring the 
1955 survey only as the truck left the main road to enter the farm lane. As 
a result, the distance between farm stops in this analysis is defined as the 
miles of travel from the point of leaving the main road at the first stop to 
the same point on the next animosity* farm stop. In this manner the distance 
inludes lane, farmstead and main road travel. Miscellaneous stops to pick 
up milk in sans or to leave feed were excluded. Also rest stops were em. 
eluded since they did not occur on all routes and did not appear to occur in 
any predictable fashion. The time between each farm stop as defined above 
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vas also recorded. Since this time included:fare fixed stop, pumping, and 
waste time, these were deduoted from the recorded time to obtain actual travel 
time. 
Eighty6five observations were obtained in this manner for 17 routes 
during the summer of 1955. These data yielded essentially a linear relation. 
Ship for miles of travel between stops and minutes of travel time as follows. 
Ts w 5.9109 + 1.5828 M 
Where T2 at estimated minutes of driving time and 
M as miles of travel from point of entering farm lane to the 
MAO point en the next bulk step. 
Most of the distance between stops were from 1 to 8 miles. The longest 
distance reported was about 25 miles. From the estimating funotion it is 
possible to estimate the average speed per hour for various distances between 
stops within the range of distances reported in this study. 
For certain purposes lane speed would be desirable. However, the 
tams between farm stops as defined in this study is of value in estimating 
travel time requirements in route reorganisation since lane distances are 
usually not available for this purpose. As a practical natter distances 
between farms could be measured on a highway map ignoring lane distances. 
Travel lAmilmst Stop to City Limits. Complete data were available for 
9 bulk milk routes in the Wichita area for the sample period in the summer of 
1965 to estimate the speed of travel from the last stop to the city limits. A 
simple linear regression equation fitted to these data is as follows& 
Taw 11.3976 + 1,1786m 
where Ts is travel time in minutes from entering the last stop to city 
limits and 
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M w dietitian in Idle* 
aiv Travel /Am. City travel tins and dietanee (Mayer. available on 
8 bulk milk routes in the IiehitaNilkshed fora sample period in the summer 
of 1956. Aa average 40 this lipoid was 11.07 mils' per hour or 3.0814 minutes 
per mile. 
Plant Tins 
The hiss spent at the plant oinsisted of fixed plant tins, pumping tine, 
and waste tine. Typical opereiiens involving tine at the plant were (1) enter 
plant area and posinan truek, (2) beak up to plant intake, (3) pooping, 
(4) unhook lien plant intake, (1) *lean tank and pump, and (6) leave the 
plant area. Tina en these operations was obtained for 16 bulk routes Lathe 
summer of 1956. £11 of these operations were performed by the driver, except 
for assistanse by a plant helper in deeming tank and pump. Milk simples 
and weight tiobets were delivered to the plant diving the pumping time. 
WM nal T sae. Total plant tin. ireludes fined tine, peeping time, 
oat want* tins. This time varied vino 34 t. 161 mixotes per route with an 
average of 68.72 minutes. 
nearixed21B14 Pleat fixed tins was eonsidered to consist of all 
plant tine =Bluetit, et pumping and waste tine. Mum sore than ene lead of 
milk was hauled by a truek per day, the tank, pomp, and hese were slowed 
only after the last lea4. Therefore, it was necessary to determine plant 
fixed time ineluding and amsluding washing and eleaniag operations. 
Table 11 shows that an average of 34.83 minutes of fixed tins was 
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required at the plant when one load of milk was hauled per day. Sime the 
data give time Information on only one truck which hauled more than one load 
per day, plant fixed time exoluding washing and cleaning operations was 
estimated from other information. This estimated time is given in Table 12. 
The time required to enter the plant area and position the truck, and to 
hook up the plant intake was taken from the survey data. An assumption was 
made that the same amount of time would be required to unhook from the plant 
intake as to hook up. One minute was assumed as the time required to leave 
the plant area. 
The differenoo of 87.51 minutes between the average fixed time of 34.6$ 
minutes whieh included washing and cleaning operations, and the estimated 
7.31 minutes where these operations were excluded, indieates that a sub- 
stantial reduction in the average fixed plant time per route amid be aohieved 
if several loads of milk were hauled by one truck in a day. 
Plant Puma% Time. The time required to pump milk from the trunk to 
the plant depends upon the volume of milk, the oapaotty of the pump, and 
technical organisation within the plant. 
Pumping time on 18 unloading. during the summer of 1986 together with 
the volume of milk unloaded is reported in Table 11. As previously reported, 
the capacity of pumpa used in the Wichita area varied from 55 to 68 gallons 
per minute. Some delays in pumping time due to tedhnioal difficulties with 
the plant were observed at the time of the survey. 
A simple linear regression fitted to the data in Table 11 is as follows, 
T ra + .003413 
where Y =2 minutes of pumping time, and 
I it pound.. of milk unloaded at the plant 
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Table 11. Minutes of time for unloading bulk tanks at plants for 15 routes, 
Wiohita, Kansas, summor 1958. 
Route. 
s milk Dat 
IL 
bg 
of 
'Total :PumpingsWasto 
no. .1956 time time lunloadods 
Fixed time per day 
time 
One 
load 
s First 
s load* 
s Second 
s load** 
(Minutes and hundreds of minutes) 
a 6/14 7,428 43.25 18.63 2.35 22.27 ..- 
b 6/15 7,657 67.27 18.83 16.25 32.19 -- 
o 6/23 9,776 148.17 44.67 68.00 35.50 -- 
d 6/24 11,119 78.00 36.17 0.08 41.75 -- 
6/28 11,616 88.00 46.25 5.07 14.68 -- 
f 5/30 4,932 36.62 11.50 0.00 25.12 .... 
g 7/1 12,443 88.80 26.88 10.50 51.12 -- 
h 7/12 7,819 40.67 27.00 0.83 -- 12.84 
i 7/12 10,449 80.50 36.00 2.33 -- -- 42.19 
j 7/14 6,281 69.33 19.17 0.00 80.16 -- 
k 7/13 9,102 78.00 50.25 0.00 47.75 -- 
1 8/16 4,871 40.67 13.83 5.42 21.42 .... 
a 6/21 6,417 54.25 9.87 0.00 24.58 -- 
n 6/22 12,388 98.00 26.13 30.92 40.95 -- 
o 6/17 7,429 81.60 14.58 4.33 42.39 -- 
Average 8,648 68.72 25.30 9.74 34.62 12.84 42.17 
Washing and cleaning operations omitted. 
**Washing and cleaning operations inoludod. 
Table 12. Estimated fixed unloading time at plant where washing of tank and 
pump is omitted, Wichita, Kansas, summer 1955. 
Operation Avg. time in minutes 
1. Enter plant and position truek 2.23 
2. Hook up to plant intake 2.04 
3. Unhook from plant intake 2.04 
4. Leave plant area 1.00 
Total fixed time 7.31 
&Assumed values from judgment of observers. 
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Pumping time in the Wichita area was somewhat greater than reported in 
California and Wisoonsin studies.1 Reasons shit:41 may explain this difference 
are differences in capacity of pumps used, delays due to technical difficulties 
within the plant, and a general lack of experienoe with this system of milk 
hauling in the Wichita area. Therefore, pumping times observed during the 
survey period were not considered to be typical of what might be expected 
after a routine was developed /lar this operation. In fact, the rate of 
unloading was actually less than the rate of loading observed on the survey 
routes. 
For these reasons, the coefficient for pumping time used in the analysis 
was adapted fram Clark,2 
Plant Waste Time. All unproductive avoidable delays that extended the 
total unloading time were classified as waste time. Variation in plant 
waste tine between routes was from 0 to 80 minutes with at average of 9.74 
minutes. These figures are given in Table 11. At the time of the survey, 
some drivers spent oonsiderable amount of time waiting to unload that 
oould have been prevented by more adequate intake facilities and proper 
scheduling of trucks. Waste tine is not included in determining route time 
in this study. 
Labor Rates 
Many of the bulk milk routes in the Wichita market were operated by the 
1Arthur H. Miller, Bulk Handl of Wisoonein ea. Farm to Plant 
Research Bulletin 192, UMI77;rsi of igoonsin, February WC p. 1e and 19. 
!Ind., footnote 12 p. 18. Clark reported a tank unloading time as 
"25.3 PUS 0.0167 G minutes." 
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owners of the tank and truck. Same of these owners operated can milk trucks 
in addition to their bulk operations and hired extra drivers who were used 
on both bulk and can operations. In actual practice, truck owners will 
attempt to keep their labor force fully employed for at least an sight hour 
day or pay a flat amount to a driver for a particular day's run. There may 
be instanees, however, in which an owner must guarantee an eight hour day 
when the driver works less than this amount. In these oases, labor costs can 
not be computed at a flat rate per hour for the hours of work required on a 
particular mate. These complications in labor utilisation are recognised 
but are beyond the scope of this study. In order to simplify the analysis 
and to make oomparisons of costs between routes, the assumption was made that 
labor could be fully employed when not otherwise used for route operations. 
Charges for management were also excluded in this analysis. Two basic wage 
rates were computed and applied to the mute time requirements in the final 
phase of the analysis. The first wage rate assumes a $300 per month basic 
salary. The second rate assumes levels currently being paid union truck 
drivers in the Wichita area. 
Calculations using the basic salary of $300 per month are shown in 
Table 13. Haulers are assumed to meet the requirements of the minimum wage 
provisions but not overtime wage requirements of the Fair Labor Standards 
'wt. From the data of Table 13 an average labor cost of $1.80 per hour was 
derived. 
The second estimate of labor cost was obtained by using union wage 
rates for truck operators in the Wichita area. These rates varied from 
$2.00 to $2.10 per hour during the period of the analysis.1 
'Letter of May 7, 1956, from Martin Grantham, Chief of Research and St*. 
tistios, Employment security Division, State of Kansas Labor Department, Topekt 
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Table 13. Prooedure for determining estimated labor oosts per hour per 
driver on bulk milk routes, Wichita, Kansas, summer 1966. 
Annual coots 
Basic wage ($300 per month) $3,600.00 
Unemployment eampensation (3% on first $3,000) 90.00 
Workmen's compensation ($1.63 per $100)a 66.08 
Social Security Taxes (2%) 72.00 
Health insurance ($8.60 per month) 103.20 
Total annual cost of regular driver $3,920.28 
Annual hours worked by regular driver 
(61 weeks at 48 hours per week = 2,448) 
Bass rate of pay per hour 
($3,800 4 2,448: $1.47 per hour) 
Costs of relief driver 
8alarys 
1 day per week for 62 weeks plus six days 
during vacation of regular driver at 8 hours 
per day= 464 hours per year. 
464 hours at $1.47 per hour 682.08 
Unemployment compensation (31 20.46 
Workmen's oompensation ($1.63 per $100) 10.44 
Social Security Taxes (2%) 13.64 
Health insuranoe (464/2448 x $101.20) 19.56 
Total annual coat of relief driver 
Total annual labor cost per driver 
Total hours (464 s 2448 or 2,912) 
Average labor oast per hour ($4,666.46 2,912) II 
746.18 
4,666.46 
/414 annual constant charge for writing policy omitted in oust calculations. 
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Summary of Functions 
Trued: Cost FUnction. The specific *cots of the truck coot function 
discussed in this analysis are sunmarised in Table 14. Since these costs are 
assumed to be additive, they can be summarised in a truck cost function as 
follows: 
T 
rim 
1,753.64 +17341.0468 + .069799 Moj 
when: T 
r 
in annual truck costs in dollars, and 
Magi annual miles of travel 
Tank Cost Function. The spesifie tank costs discussed in this analysis 
are given in Table 14. Sims all tank octets were classified as fixed in this 
analysis, the tank cost function is as follows: 
Tan 1,455.48 
where T 
a 
m annual tank costs in dollars 
IMelounotions. Since more than one wags rate is used in this study, 
the labor cost fUnotion is presented as a route tills function and a plant 
time function. Wags rates may then be applied to these tins functions to 
determine labor costs. A summary of the time elements used in this study 
are given in Uhl* 16. 
(1) Routs time function 
T 1.3333 MI +271-1 (5.9109) + 1.5816 Msg+f11.3976 + 1.7850 1111.7+ 
3.9814 M 
4 
4.11 (9.8298) + .0033 PJ 
where I m routs time in minutes 
MI as miles of route travel from city limits to first stop 
M 
2 
a miles of routs travel from first to last bulk milk stop 
Ms se miles of routs travel from last bulk milk stop to city limits 
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Table 14. Estimated annual costs of operating a two and one-half ton type A 
truck and type A bulk tank in Wichita, Kansas Milkehed, 1956.a 
Item 
1 Average t 
: annual t 
t fixed cost : 
Trucks (Without tires or tank) 
0 984.82 
90.53 
14.69 
25.93 
10.49 
2.62 
145.66 
Depreciation 
Property taxes 
Liability insurance . . . 
Collision insurance . . 
Comprehensive insurance . 
7,Tedical insurance 
Interest on investment . . 
Repairs and maintenance . 
'1,272.80 
Tires: 
Depreciation 
Property taxes 029.96 
Liability insurance . . . . 4.61 
Collision insurance . . . . 7.54 
Comprehensive insurance . . 3.30 
Medical .83 
Interest on investment . . . 
Repairs and maintenance . . 
446.24 
Tank: 
Depreciation 0658.12 
2roperty taxes ..... . 303.61 
Liability insuranoe . . . . 25.50 
Collision insurance . . 41.67 
Comprehensive insurance . . 18.21 
Medical insurance 4.55 
Cargo insurance 15.00 
Interest on investment . . . 321.15 
Repairs and maintenance . . 67.67 
0.,455.48 
Overheads 
City licenses and permits . 69.50 
Tag 125.00 
Accounting service 300.00 
434.50 
Gasoline. 
Oil: 
Lubrication: . 
Total: 3,209.02 
Fixed for : Variable 
annual miles : per annual 
of use t miles of use 
($-47.6529 
J.-47.6529 
(0432.3200 
( 43.5210 
( -31.3313 
5444.5097 
-55.81 
341.0468 
.0213) 
.021g 
.0050) 
-.0004) 
.0014) 
.00627 
.02938 
.001545 
.001574 
.057,790 
aCosts apply only to first two years of life of truck and tank. 
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4 = miles of route travel in city 
S = number of bulk stop on rout. 
P = total pounds of bulk milk picked up on route 
(2) Plant time function 
(a) one load per day 
TI = 34.6 + .001941 P 
where T 
1 
= minutes of unloading time 
P = pounds of milk unloaded 
(b) each load per day except last load 
T2 IZ 7.31 + .001941 P 
where T2 = minutes of unloading time 
P = pounds of milk unloaded 
Table 15. Summary of estimated route and plant time in Wichita, Kansas 
Milkshed, summer, 1955. 
Item 
-=11111:1311:11.1C711.1riaISI/INCIZOPOINCINSC- 
s Fixed time s Variable time 
s in minutes s in minutes 
Route time 
Farm stop time 
Fixed 8.9800 
Pumping 0.8498 .0023 Pa 
Travel time 
City limits to first bull: stop 1.3333 M b 
First to last bulk stop 3.9109 1.3826 M 
Last bulk atop to city limits 11.3976 1.7950 M 
Within city limits 3.9814 M 
Plant time 
Fixed per load 
with cleaning operations 
Without cleaning operations 
Punping 
34.6000 
7.3100 
0.001941 P 
aP = pounds of milk 
Ns= miles of travel 
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APPLICATION OF FUICTIORS TO SAMPLE ROUTES 
In the following sections, a description of a sample of route organiza- 
tions, mileages, and loads is presented. This was a judgment sample including 
81 per cent of the producers selling by the bulk method in July 1956. Es- 
sentially the same technology, that is, 1700 or 1800 gallon tanks, was used 
on these routes. A 2500 gallon tank was in use but was excluded from this 
analysis. The cost functions derived in this study were applied to the 
sample routes to determine variations in costs among routes. This information 
should provide a basis for determining if more efficient route organizations 
could be developed. In addition such cost data provide a benoh mark for 
comparing the relative economic efficiency of the use of different technologies 
in the hauling process. 
Characteristics of noutes 
The organization of 40 bulk milk routes was obtained in the summer of 
1956. These data are summarized in Table 16. 
Most bulk milk routes do not originate in practice at city milk plants. 
Drivers may begin the route at home, plant, or some other convenient point. 
This practice could result in excessive distance from point of origin to 
first farm stop, which would affect total route costs. For this reason 
actual route mileages were adjusted. 
Adjusted Route Miles 
A route in this analysis was defined to include the distance from the 
city limits to the first bulk stop, first bulk stop to last bulk stop, last 
bulk stop to city limits, city limits to plant, and plant to city limits. 
Table 16. Miles of travel, pounds of milk hauled, and number of producers by specific routes and days for 
bulk milk routes in the 17ichita, Kansas Milkahed, July, 1956.a 
per route 
TrucksRoutes Date : 7o. of las. persibs.mi1k: per stop16ity limits: 
code scode : July :producers: route s Avg., ugh: Low t to 
no. : no. : 1956 : :first stop s 
First :La 
lastostopsci 
at stop s Total s Total 
4I3mits:t:!:Yel stravelb 
: route 
1 a 
b 
2 c 
d 
3 0 
f 
g 
h 
4 i 
j 
k 
1 
m 
6 n 
0 
7 p 
q 
8 r 
s 
9 t 
10 v 
w 
18 a.m. 11 13,218 1,202 2,605 242 19.25 45.90 1.35 6.00 72.50 
18 p.m. 6 7,599 1,266 2,039 927 2.00 35.00 15.00 6.00 59.00 
18 11 13,329 1,212 2,479 606 55.00 55.00 25.00 7.00 142.00 
19 14 13,983 999 1,993 374 50.00 38.00 48.00 7.00 143.00 
18 a.m. 8 12,144 1,518 2,813 707 30.00 43.70 37.30 7.80 118.80 
18 p.m. 7 12,314 1,759 3,567 872 29.00 16.20 25.30 7.30 78.30 
19 a.m. 7 9,231 1,319 2,325 448 30.00 29.50 26.50 8.80 94.80 
19 p.m. 6 9,522 1,567 2,327 553 28.00 13.50 25.50 8.80 75.80 
18 14 12,138 867 2,712 458 42.00 36.00 51.00 6.80 135.8C 
19 14 6,303 450 1,346 225 42.00 36.00 51.00 6.80 135.80 
18 8 13,127 1,:41 2,711 540 66.50 26.90 62.50 6.40 161.30 
19 a.m. 7 13,259 1,694 5,345 867 46.00 12.00 37.00 6.40 101.40 
19 p.m. 7 5,520 789 1,788 212 42.50 47.85 50.00 6.40 146.75 
18 15 9,593 640 2,781 135 52.50 71.60 26.40 6.00 156.50 
19 9 10,801 1,200 2,315 330 33.00 41.70 33.30 6.00 114.00 
18 12 10,760 C97 2,904 152 46.00 16.00 51.00 8.80 108.80 
19 11 11,501 1,046 2,012 454 54.00 40.50 51.50 8.80 154.80 
18 11 14,958 1,360 6,111 434 46.00 39.35 29.65 6.80 121.80 
19 14 15,947 1,139 1,801 599 47.00 61.25 45.75 6.80 160.80 
24 9 15,721 1,747 4,256 858 7.00 53.50 5.50 8.00 74.00 
25 10 13,577 1,358 2,325 731 13.00 46.20 12.30 9.20 80.70 
25 11 13,625 1,239 2,104 322 65.00 68.00 31.00 6.40 170.40 
26 12 13,887 1,157 1,788 371 64.00 35.25 57.50 6.00 162.75 
Table 16 (Concl.). 
TruoksRouts: Date 
code :code : July 
no. no. : 1956 
: : : t Miles per route 
1 No. of :Lbs. perabs.milk per stopsUty limitst First :Last stop t Total t Total 
tprodncers: route : 1 t to : to t to t city : route 
Avg. 
t 
High: Law 
t : : :first stop. :last s toit.lira lb 
11 25 7 11,724 1,675 3,172 823 13.50 21.00 6.50 9.00 50.00 
y 25 p.m. 1 4,018 4,018 4,018 4,018 6.00 MONO 6.00 9.20 21.20 
26 a.m. 7 10,945 1,564 2,935 965 9.50 64.50 22.50 6.90 103.40 
al 26 p.m. 6 8,862 1,477 1,890 1,152 13.00 25.50 5.50 6.80 50.80 
12 bi 26 8 9,381 1,173 1,619 765 20.00 31.00 16.00 7.70 74.70 
01 
27 4 4,560 1,140 1,424 829 10.50 13.00 6.00 8.40 42.90 
13 di 
26 6 10,018 1,670 2,365 1,008 68.75 30.00 54.00 6.80 159.55 
e 
1 
27 11 12,308 1,119 2,103 456 62.50 78.25 63.75 6.80 211.30 
14 fl 26 2 5,124 2,562 2,7'2 2,382 25.00 7.50 17.50 6.80 56.80 
el 27 11 11,338 1,031 2,336 431 54.50 27.00 63.00 6.80 151.30 
15 hi 26 4 5,391 1,348 2,211 841 43.50 17.75 56.00 12.80 130.05 
i 1 27 7 10,042 1,435 2,172 850 72.00 30.00 71.75 12.80 186.55 
16 Ji 26 10 14,926 1,493 2,688 780 18.00 30.50 14.50 9.00 72.00 
1 
27 9 10,474 1,164 1,959 446 29.50 25.00 15.50 8.10 78.10 
11 27 7 7,539 1,077 1,466 697 18.00 26.40 12.10 7.70 64.20 
17 mi 27 12 13,276 1,106 1,898 708 36.50 62.75 29.25 6.80 13b.30 
18 
111 
27 9 11,544 1,283 1,386 703 12.50 52.50 28.50 6.80 100.30 
aRoutes surveyed included 81 per cent of the produc 
sample was a judgment sample selected to be repres b 
This is a computed mileage. 
era selling in bulk at the time of the study. The 
entativo of hula operations in the summer of 1556. 
The adjustment procedure consisted of discarding the distance from point of 
origin to first bulk stop and substituting the shortest distance over all- 
weather roads from the city limits to the first bulk stop. The route miles 
reported in Table 16 and 17 are adjusted route miles. 
Time Requirements 
The time functions developed in this analysis were applied to the sample 
routes to compute route time, plant time, and total time required for each of 
the routes. These times are given in Tables 18 and 19. 
Route Costs 
Trunk Coats. The truck cost function and tank cost function developed 
46 
in the analysis were combined to compute truck costs per route. These costs 
are given in Table 20. 
Average annual fixed costs were allocated to routes on the basis of days 
of operation and routes traveled per day. Fixed costs for annual miles of use 
were allocated to routes on the basis of route miles. Annual miles of travel 
was assumed to be 365 times daily route mileage. 
Truck costs per route were computed with the following functions: 
(1) Trucks operated daily 
Tr = 3209.02 + (341.0468 + .059799 U%) Rza 
365 X N Ma 
(2) Trucks operated every other day 
Tr= 3209.02 + (341.0468 + .059799 M) Rm 
182.5 X N Ma 
whore T. route truck costs in dollars 
N = number of routes traveled per day 
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Table 17. ales of travel, pounds of mink hauled, and number of producers by 
speoifio days for bulk milk routes in Wichita, Kansas Nilkshed, 
July 1958. 
t s s : Miles per day 
TruoksDates No. of t Lbs. sCitylimitss First :Last stopeTotals Totals Ave. 
code eJulysproducerss per 1 to s to s to :city 'travel:daily 
no. 11956e sroute sfirstst,pas3aststoptoitylimilmtrwmas smiles 
1 18 17 20,817 21.25 83.90 14.35 12.00 131.50 65.75 
2 18 11 13,329 55.00 55.00 25.00 7.00 142.00 142.50 
19 14 13,983 50.00 38.00 48.00 7.00 143.00 
3 18 15 24,458 59.00 59.90 62.60 15.60 197.10 183.85 
19 13 18,753 58.00 43.00 52.00 17.60 170.60 
4 18 14 12,138 42.00 36.00 51.00 6.80 135.80 135.80 
19 14 6,303 42.00 36.00 51.00 6.80 135.80 
5 18 8 13,127 65.50 26.90 62.50 6.40 161.30 234.72 
19 14 18,779 88.50 59.85 87.00 12.80 248.15 
6 18 15 9,593 52.50 71.60 26.40 6.00 156.50 135.25 
19 9 10,801 33.00 41.70 33.50 6.00 114.00 
7 18 12 10,760 46.00 16.00 38.00 8.80 108.80 131.80 
19 11 11,501 54.00 40.50 51.50 8.80 154.80 
8 18 11 14,958 46.00 39.35 29.65 6.80 121.80 141.30 
19 14 15,947 47.00 61.25 45.75 6.80 160.80 
9 24 9 15,721 7.00 53.50 5.50 8.00 74.00 77.35 
25 10 13,577 13.00 46.20 12.30 9.20 80.70 
10 25 11 13,625 65.00 68.00 31.00 6.40 170.40 166.58 
26 12 13,887 64.00 35.25 57.50 6.00 162.75 
11 25 8 15,742 19.50 21.00 12.50 18.20 71.20 112.70 
26 13 19,807 22.50 90.00 28.00 13.70 154.20 
12 26 8 9,381 20.00 31.00 16.00 7.70 74.70 58.80 
27 4 4,560 10.50 18.00 6.00 8.40 42.90 
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Table 17 (Concl.). 
Truok:Date: No. of a Lbs. 
code tJulytproducerst per 
no. *1956: :route 
Miles Per day 
:Cit7ylimits: First :Last stop:Total Total' Ave. 
s to t to : to !city :travel:daily 
Ifirststo aslaststoptcitylimitatravelt smiles 
13 26 6 10,018 68.75 30.00 54.00 6.50 159.55 135.42 
27 11 12,308 62.50 76.25 63.75 6.80 211.30 
14 26 2 5,124 25.00 7.50 17.50 6.80 53.30 104.05 
27 11 11,338 54.50 27.00 33.00 6.80 151.30 
15 26 4 5,391 45.50 17.75 56.00 12.80 130.05 158.30 
27 7 10,042 72.00 30.00 71.75 12.80 183.55 
16 26 10 14,926 18.00 30.50 14.50 9.00 72.00 107.15 
27 16 10,013 47.50 51.40 27.60 15.80 142.30 
17 27 12 13,276 36.50 62.75 29.25 0.50 135.30 67.65 
18 27 9 11,544 12.50 52.50 28.50 6.80 100.30 50.15 
a 
This is a comuted mileage. 
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Table 18. Travel time requirements for 40 bulk milk routes in the 'Aohita, 
Kansas Mkshed, July 1956. 
1 
Route 1 
no. : 
City limits: First 1 
to : to : 
first atop :last stop $ 
Last stop : 
to : 
city limits : 
City travel 
1 
t Total travel 
: 
(minutes) 
a 25.60 102.57 12.99 24.00 165.16 
b 2.66 72.09 26.72 24.00 125.47 
c 73.15 115.15 40.86 28.00 257.16 
d 66.50 103.38 67.97 28.00 265.85 
e 39.90 87.80 55.36 31.20 214.26 
f 38.5? 45.86 41.21 31.20 156.84 
E 39.90 64.25 42.63 35.20 181.98 
h 37.24 38.22 41.45 35.20 152.11 
i 55.86 100.62 71.50 27.20 255.18 
J 55.86 100.62 71.60 27.20 255.18 
k 87.12 64.57 65.05 25.60 262.34 
1 61.18 40.06 55.00 25.60 181.84 
m 56.52 89.62 70.32 25.60 242.06 
n 69.82 153.75 42.51 24.00 290.08 
o 43.89 88.94 50.64 24.00 207.47 
p 61.18 65.14 56.18 35.20 217.70 
q 71.82 95.10 72.09 35.20 274.21 
r 61.18 93.51 46.54 27.20 228.23 
a 62.51 135.52 65.31 27.20 290.54 
.,. 
,. 
u 
9.31 
17.29 
105.26 
99.07 
17.68 
25.69 
32.00 
36.80 
164.45 
179.06 
V 86.45 133.15 47.93 25.60 293.11 
w 85.12 91.76 79.16 24.00 280.04 
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Table 18 (Coml.). 
t City Unite: First t 
Route % to t to % 
no. t first stop %last stop t 
Last stop t 
to t 
city limits t 
t 
City travel t 
t 
Total travel 
(rthart es ; 
x 17.96 52.50 1.4.06 36.00 125.52 
Y 7.98 -- 18.47 36.80 63.25 
z 12.64 112.64 37.91 27.60 190.79 
al 17.29 54 .81 . 17 .88 27.20 117.18 
b 
1 
26.60 70.24 30.25 30.80 157.89 
c 
1 
13.96 36.62 18.47 33.60 102.65 
d 
1 91.44 61.03 75.04 27.20 254.71 
e 
1 
83.12 147.30 86.53 27.20 344.15 
f 
1 
33.25 14.28 32.02 27.20 106.75 
1 
72.48 76.44 85.64 27.20 261.76 
h1 57.86 36.27 77.39 51.20 222.72 
it 95.76 64.94 95.96 51.20 307.86 
il 23.94 77.37 28.49 36.00 165.80 
ki 39.24 65.85 29.66 32.40 167.15 
1 
1 
23.94 59.97 25.66 30.80 140.37 
Dt 48.54 129.78 45.87 27.20 251.39 
ni. 16.62 103.87 44.98 27.20 192.67 
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Table 19. Total route time requirements for 40 bulk milk routes in the 
Wichita, Kansas Milkshed, July 1956. 
: 
Routes 
no. 
Total 
travel 
time 
: Farm 
s pumping 
time 
: Total fixed g Total 
: time for route 
farm stops : time 
(minute-0-- 
i Plant 
: fixed 
timea 
a 'lant 
: pumping 
time 
t Total 
: time 
a 165.16 39.75 98.78 303.69 7.31 25.64 336.64 
b 125.47 22.58 53.88 201.93 34.62 14.74 251.29 
o 257.16 40.00 98.78 395.94 34.62 25.86 450.42 
d 265.85 44.06 125.72 435.63 34.62 27.13 497.38 
e 214.26 34.73 71.84 320.83 7.31 23.56 351.70 
J. '
g 
156.84 
181.98 
34.27 
27.18 
62.86 
62.86 
253.97 
272.02 
34.62 
7.31 
23.89 
17.91 
312.48 
297.24 
h 152.11 27.00 53.88 232.99 34.62 18.47 286.08 
i 255.18 39.81 125.72 420.71 34.62 23.55 478.88 
j 255.18 26.39 125.72 407.29 34.62 12.23 454.14 
k 262.34 30.99 71.84 371.17 34.62 25.47 431.26 
1 181.84 36.44 62.86 281.14 7.51 25.72 314.17 
m 242.06 13.64 62.06 323.56 34.62 10.71 3ee.89 
n 290.08 34.81 134.70 459.59 34.62 18.61 512.02 
o 207.47 32.49 80.82 320.78 34.62 20.98 378.35 
p 217.70 34.95 107.76 560.41 34.62 20.87 415.80 
q 274.21 35.80 98.78 408.79 34.62 22.31 465.72 
r 228.23 43.75 98.78 370.76 34.62 29.02 434.40 
s 290.54 48.58 128.72 464.84 34.62 30.94 550.40 
t 164.45 43.81 80.82 289.08 34.62 30.50 354.20 
u 179.05 39.73 89.80 308.58 34.62 26.34 339.54 
v 293.11 40.69 98.78 432.58 34.62 26.43 493.63 
w 280.04 42.14 107.76 429.04 34.62 26.94 491.50 
x 125.52 32.91 62.86 221.29 7.31 22.74 251.34 
y 63.25 10.09 8.98 82.32 34.62 7.79 12.73 
190.79 31.12 62.86 284.77 7.31 21.23 313.31 
al 117.16 25.48 53.88 196.54 34.62 17.19 248.35 
b 1 157.89 26.37 71.04 258.10 34.62 18.20 310.92 
cl 102.65 13.89 35.92 152.46 34.62 8.85 195.93 
& 
1 
e, 
254.71 
344.15 
28.14 
37.66 
53.88 
98.78 
356.73 
480.59 
34.62 
34.62 
19.43 
23.88 
390.76 
559.09 
f 106.75 13.48 17.96 138.19 34.62 9.94 192.75 
El 261.76 35.43 98.78 395.97 34.62 22.00 452.59 
h 1 222.72 15.80 35.92 274.44 54.62 10.46 319.52 
J*., 1 307.86 29.05 62.86 399.77 34.62 19.48 453.87 
jI 165.80 42.83 89.80 298.43 34.62 26.96 562.01 
k 
1 
167.15 31.74 80.82 279.71 7.31 20.32 307.34 
1
1111 
140.37 
251.39 
23.20 
40.73 
62.86 
107.76 
226.52 
399.88 
34.62 
34.62 
14.65 
25.76 
275.77 
450.26 
na 192.67 34.20 80.82 307.69 34.62 22.40 364.71 
a7.31 is for first of 2 loads per day, 34.62 is for one load per day. 
Table 20. Estimated route costs using two labor wage rates for 40 bulk milk routes in the Wichita, Kansas 
Milkshed, July 1956. 
s s t 1 Totals. Costs using labor rate s Costs using labor rate 
Truok:Route:Route : Routes trucks of $1.60 per hour : of $2.10 per hour 
no. s no. smiles :volume' cost : Route $ Totals Per mile: Per 100 lbs.s Route : Totals Per mile:Per 100 lbs. 
: 1 : cwt. $ : labor s routes (cents): (cents) s labor s route: (cents): (cents) 
1 a 72.50 132.18 $14.15 $ 8.98 $23.13 31.90 17.50 $11.78 $25.93 35.77 19.62 
b 59.00 75.99 13.16 6.70 19.86 33.66 26.14 8.80 21.96 37.22 28.90 
2 o 142.00 133.29 18.22 12.18 30.40 21.41 22.81 15.98 34.20 24.08 25.66 
d 143.00 139.83 18.28 13.26 31.54 22.06 22.56 17.41 35.69 24.96 25.52 
3 e 118.80 121.44 12.10 9.38 21.48 18.08 17.69 12.31 24.41 20.55 20.10 
f 78.30 123.14 9.48 8.34 17.82 22.76 14.47 10.94 20.42 26.08 16.58 
g 94.80 92.31 10.55 7.92 18.47 19.48 20.01 10.40 20.95 22.10 22.70 
h 75.80 95.22 9.31 7.63 16.94 22.35 17.79 10.02 19.33 25.50 20.30 
4 i 135.80 121.38 17.35 12.77 30.62 22.55 25.23 16.76 34.61 25.49 28.51 
j 135.80 63.03 17.85 12.11 29.96 22.06 47.53 15.90 33.75 24.85 53.55 
5 k 161.30 131.27 19.17 11.50 50.67 19.01 23.36 15.10 34.27 21.25 26.11 
1 101.40 132.59 10.92 8.38 19.30 19.03 14.56 11.00 21.92 21.62 16.53 
m 146.75 55.20 13.84 9.84 23.68 16.14 42.90 12.92 26.76 18.24 48.48 
6 n 156.50 95.93 19.23 13.68 32.91 21.03 34.31 17.96 37.19 23.76 38.77 
o 114.00 108.01 16.40 10.03 26.43 23.18 24.47 13.17 29.57 25.94 27.38 
7 p 108.80 107.60 16.07 11.09 27.16 24.96 25.24 14.55 30.62 28.14 28.46 
q 154.80 115.01 19.15 12.42 31.57 20.39 27.45 16.30 35.45 22.90 30.82 
8 r 121.80 149.58 16.88 11.58 28.46 23.37 19.03 15.20 32.08 26.34 21.45 
s 160.80 159.47 19.45 14.14 33.59 20.89 21.06 18.56 38.01 23.64 23.84 
9 t 74.00 157.21 14.11 9.44 23.55 31.82 14.98 12.39 26.50 35.81 16.86 
u 80.70 135.77 14.59 9.86 24.45 30.30 18.01 12.94 27.53 34.11 20.28 
Table 20 (Coml.). 
2 Y 2 2 
TrucktRoutetRoute s Route: Totals 
no. s no. smiles :volumes truck: 
: cwt. oost 
2 Costs using labor rate 
of 1.60 nor hour 
Costs using labor rate 
of $2.10 per hour 
Route t Totals Per mlles Per 100 lbs.: 
: labor 
Route , Total:Per milesPer 100 lbs. 
labor : route: (cents): (pants) 
10 v 170.40 136.25 $19.94 $13.17 $33.11 19.43 24.30 47.28 $37.22 21.84 27.32 
w 162.75 138.87 19.44 13.10 32.54 19.99 23.43 17.20 36.64 22.51 26.38 
11 a 50.00 117.24 7.80 6.70 14.50 29.00 12.37 8.80 16.60 33.20 14.16 
y 21.20 40.18 5.84 3.33 9.17 43.25 22.82 4.37 10.21 48.16 25.41 
s 103.40 109.45 11.46 8.35 19.81 19.16 18.10 10.96 22.42 21.68 20.48 
a 1 
50.80 88.62 7.87 6.62 14.49 28.62 16.35 8.69 16.56 32.60 18.69 
12 b 1 74.70 93.81 14.45 8.29 22.74 30.44 24.24 10.88 25.33 33.91 27.00 
of 42.90 45.60 12.04 5.23 17.27 40.26 37.87 6.87 18.91 44.08 41.47 
13 di 159.55 100.18 19.14 10.42 29.56 18.53 29.51 13.67 32.81 20.56 32.75 
el 211.30 123.08 22.49 14.37 36.86 17.44 29.95 18.86 41.35 19.57 33.60 
14 fl 56.80 51.24 12.70 4.88 17.58 30.95 34.31 6.41 19.11 33.64 37.30 
gi 151.30 113.38 19.20 12.06 31.26 20.66 27.57 15.83 35.03 23.15 30.90 
15 h 1 130.05 53.91 17.34 8.53 25.87 19.89 47.99 11.19 28.53 21.94 52.92 
i 
1 
186.55 100.42 21.05 12.10 33.15 17.77 33.01 15.88 36.93 19.80 36.78 
16 ji 72.00 149.26 13.72 9.65 23.37 32.46 15.66 12.66 26.38 36.64 17.67 
k 1 78.10 104.74 9.75 8.19 17.94 22.97 17.13 10.75 20.50 26.25 19.57 
1 
1 
64.20 75.39 8.79 7.36 16.15 25.16 21.42 9.66 18.45 28.74 24.47 
17 ml 135.30 132.76 27.54 12.27 39.61 29.42 29.99 16.11 43.65 32.26 32.88 
18 n1 100.30 115.44 25.48 9.73 35.21 35.10 30.50 12.77 38.25 38.14 33.13 
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M 
a 
= annual miles of travel 
Rm = miles per route 
Labor Cost. Labor cost on the sample routes was computed by converting 
the total time requirement in minutes to hours, and multiplying by the appro- 
priate wage rate. Labor costs using both the :x1.60 and :2.10 per hour wage 
rates are given in Table 20. 
Total Route Cost. Total route cost was obtained by combining truok cost 
and labor cost. 
Average Total Cost 221 Route Mile. Average total cost per route mile was 
obtained by dividing total route cost by miles of route travel. This cost 
varied from 16.14 to 43.25 cents per mile for the :;11.60 wage rate and from 
to 48.16 cents for the $2.10 wage rate. Figs. 8 and 9 give the relation- 
ship of average cost per mile to miles of route travel. 
Average Cost per Hundredweight of Milk 2131. Route. :estimated hauling cost 
per hundredweight of milk on the sample route was obtained by dividing total 
route cost by the volume of milk in hundredweight hauled on the route. This 
cost varied from 12.37 to 47.99 cents for the 0..60 wage rate and from 14.16 
to 53.55 cents for the 2.10 wage rate. The relationship of average cost per 
hundredweight of milk to volume of milk hauled is given in Figs. 10 and 11. 
Cost per hundredweight of milk is of greater interest to most haulers 
and producers, since this is the basis of contracting hauling services. It 
should be emphasized that these calculations do not include management charges 
or an allowance for normal profits in the hauling industry. -,aste time and 
other delays encountered in actual practice would increase these cost esti- 
mates. 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 
Route Miles 
Fig. 8. Freehand curve showing the relationship between miles per route and 
cost per mile with wage rate of 41.60 per hour for 40 bulk milk routes 
in Wichita, Kansas, Milkshed, July 1956. 01 
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Fig. 9. Freehand curve showing the relationship between miles per route and 
cost per mile with wage rate of $2.10 per hour for 40 bulk milk routes 
in Wichita, Kansas, Milkshed, July 1956. 
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Hundredweights of Milk 
Fig. 10. Freehand curve showing relationship between hundredweights of milk hauled per route 
and cost per hundredweight with wage rate of $1.60 per hour for 40 bulk milk routes 
in 'Wichita, Kansas, Milkshed, July 1956. 
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Fig. 11. 
Hundredweights of Milk 
Freehand curve showing relationship between hundredweights of milk hauled per route 
and cost per hundredweight with wage rate of $2.10 per hour for 40 bulk milk routes 
in Wichita, Kansas, Milkshed, July 1956. 
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LIVITATIONS TO AHALYSIS 
Costs derived in this study are budget estimates based on certain given 
assumptions and average coat relationships. Therefore, the costs apply only 
to the technology and institutional arrangements specified. It should not be 
inferred that the estimates represent actual costs on any given route. An 
individual hauler's cost might exceed, or be loss than those shown in this 
study, because average rates of operation and efficiency have been assumed. 
Also, individual firms maybe able to purchase equipment more advantageously 
than the list prices assumed. Estimated costs on the sample routes were 
based on the organisation of routes at a specific time. 
Do allowance has been made tor waste or extra time due to unexpected 
hazards of weather or mechanical failure. Such estimates are largely of a 
subjective nature and must be ercvided 1:y the. eeperienoe or judgment of 
individual firms. An assumption was made that payments for labor in excess 
of actual route time is not required. :::uoh an assumption implies that drivers 
are employed "full time" in bulk operations or other part time jobs. 
Management costs and "normal profits' have been exoluded fnem the 
estimates. Presumably a risk allowance for technical obsolescence and the 
effect of entry of new competing firma into the market would be included in 
"normal profits." 
The bulk milk system is a recent innovation in the marketing of fluid 
milk. This system was adopted in the Wichita, Kansas, Milkshed in 1954. Due 
to the economic structure of the market, information on average costs for 
hauling milk was needed for the adjustment of milk hauling rates. The major 
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objective of the study was to provide information on hauling costs in the 
market. 
In the analysis, cost functions were developed for a two and oAo -half ton 
type A truck and 1700 gallon type A bur.: tank. Time functions were developed 
for route and plant labor tire. The synthetic method was used for the cost 
functions because actual cost data were unavailable. A time and motion study 
provided data for the time function. 
The functions developed in the analysis were applied to 40 sample routes 
in the Wichita area. Information on these routes was obtained in July of 
1956. Costs oomputea for each of those routes were truck costs, labor costs, 
total route costs, average cost per route mile, and average cost per hundred- 
weight of milk. Basic wage rates of a.60 and '.10 were applied to the route 
time to obtaie labor costs. Average oost per route mile varied from 16.44 to 
43.25 cents for the X1.60 wage rate and from 13.24 to 48.16 cents for the 
r.:2.10 rage rate. Average cost per hundredweight of milk varied from 12.37 to 
47.99 cents for the ,t1.60 ware rate and from 14.16 to 53.55 cents for the 
2.10 rate. No allowanoe -ems made for management, "normal profits" in the 
industre, waste: time or extra time due to unexpected hazards in these costs. 
This analysis assumed a single technology which was applied to all routes. 
Two years of truck use and 10 years of tank use were assumed for this unit. 
Average operations were assumed on each route and the truck was considered to 
be an "average" truck. Therefore, the costs derived in this study are budget 
estimates based on certain giver acsumptiono and average cost relationships 
and apply only to the technology and institutional arrangements specified. 
CONCLUSIONS 
Appraisals of the efficiency of a milk procurement system cannot be 
G1 
considered without first specifying the institutional arrangements in the 
market. These arrangements are restraints. For example, the optimum route 
organization will be different for contract haulers than Isere a producers 
association specifies route layout. For this reason, estimates by routes 
under the system existing in the summer of 1956 serve primarily as a bench 
nark for testing alternative procurement methods. 
Variations in estimated cost of hauling milk between routes are the 
result of differences in miles of travel, labor time, and pounds of milk 
hauled per route. An analysis of the relationship of these factors to hauling 
costs was not included in this study. The stability or adjustment of the 
market should be considered in such an analysis. The Wichita market was in 
the process of adjustment to the bulk system. 
If present route organization is assumed as given, hauling costs could 
be reduced by operating trucks on more than one route per day. Examination of 
Table 16 reveals that a majority of the trunks hauled one load per day. Fixed 
costs per day could be spread over a greater volume by more intensive use of 
hauling equipment. If present organization of routes is not assumed as given, 
routes could be combined to give greater over -all efficiency in hauling. Such 
re-organization might require operating trucks more than eight hours per day. 
This would require adjustments in drivers' salaries and some rearrangement of 
receiving schedules at plants. However, these do not appear to be substantial 
difficulties. The present routes were developed without the over-all objec- 
tive of minimizing total miles of procurement for the entire market. ianimum 
over-all hauling costs, as measured by least miles of route travel, are not 
likely to be achieved unless a coordinated approach is taken in designing 
route layouts. 
Other alternative methods of assembling milk in the market area need to 
32 
to considered. Those include the use of other types of tanks and trucks. 
ruder different institutional arrannements need to be appraised since 
these arrangalents have a major impact on the over-all organization of 'ilk 
assenbly. The effect of assenbly costs on the diversion of nilk supplies for 
strategic marketing reasons noods careful study. In addition, concentration 
or receiving points in the outer areas, of the milkshed night offnr substantial 
economies. 
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APPENDIX 
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Table 21. Specifications for 1700 gallon truck bulk milk tank used in 
analysis. 
It = Specifications 
Tanks 14 gauge, stainless steel 
Shapes Elliptical, straight bottom 
nsulations 2 1/2" 
Outer Jackets A. Mild steel - 18 gauge 
Running boards: Steel with nonslip surface 
Skirttrs Steel trim skirting 
Rear Cabinets 3 compartment stainless steel lined rear 
cabinet to house pump, hose, motor, and 
sample chest. 
Pump systems Pump, 60 GPM 1 14/2" 
Pipe and fittings - 1 1/2" 
Electric motor 1 1/2 M.P., single phase, 
60 cycle 110 /220 volts (wired for 220), 
reversing switoh. 
Hose - 2-8' lengths, 1 1/2 I.D. x 3/8" wall 
tygon hose joined by S. S. nipple with clamps 
and with one set of hose couplings. 
Electric cord - 26 electric cord with a 3 
straight prong plug end cord hanger and self 
winding cord reel. 
Manhole and dust covers 13" diameter - sanitary type with hinged 
stainless steel cover, 3" sanitary connection, 
sanitary 2-way rubber air vent and S. S. dust 
cover. 
Top platforms Stainless steel 
Ladders, Two slimly:pm ladders, one on eaeh side. 
Outlets 2" stainless steel flanged outlet. 
Outlet valves 2" nickel alloy flanged sanitary outlet valve 
is standard on trunk mounted tanks. 
Lights! In accordance with I.C.C. specifications, 
including Class A directional signals on tank 
only. Also triple light cluster - indivi- 
dually mounted. (Does not include cab control.) 
Bumpers Standard bumper. 
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Table 22. Truck and tire specifications and costs for type A two and one-half 
ton truck, F.O.B. Central Kansas, August 1956. 
Item 
Truck 
cost 
Tire t track 
cost s and tires 
Grq 22,000 lbs. 
156" wheelbase 
106" cab to axle 
Transmissions 
nedium duty direct -in- fifth, 
synchro-silent 
Cast spoke wheels 
Engine 
Displacement-302 cu. in. 
Max. ')rake horsepower- 
105 3800 RPM 
Max. torque (lbs./ft.) 
290 2000-2600 RPM 
Comnreosion ratio-7.5 to 1 
Standard cab 
Front axle-7,000 lbs. capacity $3,585.60 
2-speed rear axle-(16,000 lbs. 
eapacity) 303.90 
Heavy duty rear springs 19.36 
Turn signals-front and rear 26.80 
Heater G5.56 
74resta 
Front + 10 -22.5 10 ply tubeless 342.90 
near + 11-22.5 12 nly tubeless 362.60 
Total before taxes 6,998.29 1,205.50 
T.xcise taxi 
Front tires 14.80 
Rear tires 37.32 52.20 
Total before sales tax 3,996.29 1,257.70 
Sales tax 2% 79.97 24.11 
Total track oast exclusive of tiros kt;4,078.26 
Total tire coat ,1,281.81 
Total cost -trunk and tires $5,360.07 
a9-22.5, 10 ply tubeless tires are standard equipment. 
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Table U. Frio* quotations for mild steel 18 gangs 1700 gallon bulk tank 
type A, F.O.B. central Kansas. 
0.1T,w.a.....o.moglIfealleame.410.14,n..MIlimmt. 
Item 
Base price 
acie* tax 
$8,485.00 
Base pries $8,488 
Lees free of' tozoiae tax 101 
Net amount for excise tax 4,869 
10% tax on 94,889 486.90 
Sales tax 
2% on $6,481 12940 
Total delivered *oat 97,081.20 
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Table 24. Load distribution for type A two and one-half ton truck using 
type A 1700 gallon tank. 
Pounds 
s 
Pounds 
Front axle wit 
Tarr-Wight 3.750 
Payload (1482.55 gal.) MTN_ 
Tank and payload weight 
Distribution of tank and payload on front axle 
a. b1v1der16160-Irs. by 11161-wheelbase 
which gives 108.77 
b. Multiply 105,77 by 29,75 from mfg. 
bulletin= 3148.66 lbs. weight of tank 
and payload on front axle. 
Tank and payload weight on front axle 
Front axle curb weight of truck chassis 
Front axle gross weight 
Front axle load limit mfg. spec. 
3,147 WM 
16,500 
6,937 
7,000 
Underload on front axle 63 
Rear Leo grose 
---FaErild payload 16,500 
Less tank and payload front axis 31147 
Plus rear axle weight 
Plus 2 speed rear axle 
3,565 
70 
13,363 
21836 
---
Rear axle gross weight 16,988 
Rear axle load limit 16,000 
Rear axle underlaid 22 
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Table 26. Annual oosts for 15 can milk trucks, Wichita, Kansas Milkshed 1956. 
t Miles t 
Truck 
of : 
no. 
: travel t 
Truck I Tire : 
Gasoline 
repair s .repair 
cost 
costs t costs t 
: t 
Oil Lubrication 
: 
1 
t 
: 
cost cost 
1 57,709 421.84 60.00 1,498.78 82.12 60.02 
2 39,525 895.84 11.25 1,024.08 35.08 32.25 
8 49,099 1,880.87 51.92 1,625.00 64.10 64.60 
4 53.814 1,343.47 2E400 1,581.60 60.54 61.01 
5 80,092 890.71 68.17 1,208.92 70.86 53.84 
6 44,191 981.92 21.25 1,205.06 57.01 56.33 
7 46,872 1,216.42 16.26 1,287.57 68.54 57.68 
8 83,097 1,144.41 41.25 1,760.13 78.79 55.76 
9 27,191 305.86 23.78 916.82 56.56 60.13 
10 36,302 886.42 25.00 1,022.59 71.82 59.68 
11 37,129 597.83 13.78 823.48 43.36 62.71 
12 53,876 681.81 8.25 832.66 64.10 84.41 
18 88,292 658.90 13,78 1,000.53 42.50 42.99 
14 40,209 806.64 22.60 1,199.84 39.05 58.80 
15 58,089 669.48 27.60 1,041.08 57.85 48.36 
Total 641,167 12,941.79 427.89 17.998.09 858.74 768.38 
Avg. 42,744 862.79 28.51 1,199.87 67.28 61.09 
Table 26. Fstimated miles life and trade-in value per tire for nonrIcared 
tires used on bulk milk routes in Wichita, Kansas, area, Feb.. 
1956.1 
1 Front g Rear 
Route t t ;Atimated s Trade- s s Estimated s Trade- 
no. s lire s miles t in s lire s miles t in 
t size ; life : value c size s life : value 
1 0.25 x 20 40,000 $25.00 9.00 x 20 50,000 47.50 
2 
4 9.00 x 2D 65,000 12.00 0.00 x 20 65,000 12.00 
5 
g- J 
9.00 x 20 
0.00 x 20 
100,000 
60,000 
20.00 
0 
9.00 x 20 
0.00 x 20 
80,000 
60,000 
20.00 
0 
7 9.00 x 20 75,000 0 3.00 x 20 75,000 0 
8 8.25 x 20 50,000 10.00 8.25 x 20 45,000 10.00 
10 
11 
13 
14 
50 3.25 x 20 50,000 15.00 6.26 2. 20 50,000 15.00 
Total 440,000 82.00 425,000 94.50 
Average 62,657 15.24 60,714 18.90 
1Data are estimates for trucks in actual use rather than budget data. 
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Table 27. Estimated miles life and trade-in value per tire for recanned 
tires used on bulk milk trucks in the Wichita, Kansas, area, 
Feb. 1956.1 
Routes 
no. t 
s 
Front 
Tire 
size 
Reap 
sEst.milestEst.milessTrade- 
susebeforesuse afters in 
2recappintrocappingsvalue 
Tire 
size 
IF.st.mlessEst.milessTrads-1 
susebeforesuse afters in s 
:recapping:recapping:value s 
3 9.00 x 20 50,000 30,000 810.00 9.00 x 20 45,000 25,000 10.00 
9 9.00 x 20 55,000 -- 9.00 x 20 55,000 
-- 
12 9.00 x 20 60,000 30,000 10.00 9.00 x 20 60,000 30,000 10.00 
15 9.00 x 20 50,000 20,000 20.00 9.00 x 20 30,000 20,000 30.00 
19 8.25 x 20 35,000 30,000 -- 8.25 x 20 35,000 30,000 
-- 
20 8.25 x 20 30,000 20,000 18.00 8.25 x 20 20,000 15,000 18.00 
22 8.25 x 20 40,000 25,000 10.00 8.25 x 20 40,000 25,000 10.00 
27 8.25 x 20 60,000 60,000 25.00 9.00 x 20 60,000 60,000 25.00 
Total 380,000 215,000 93.00 345,000 205,000 103.00 
Average 47,500 30,714 15.50 43,125 29,285 17.17 
1 
Data are estimates for trucks in actual use rather than budget data. 
Table 28. Total route tine for 17 bulk milk routes in Wichita, Kansas 
Mil shod, sumacr 1955. 
t 
Ft-,:. t 'zio. 
no. 1 far' 
: 
stomas 
t Total 
t pounds 
t of 
1 Lilk 
g Total g Total t Total 
g fixed t waste k lairs 
t time : time 1 time 
1(111-2221Ali: (mil") 
t Total 
t p ai.nU 
1 Totc.1 
t stop 
g time 
1 
(min./ 
t time 
: Pilt).-... 
A S 7,426 33.42 1.58 10.31 13.19 66.30 
B 4 7,657 31.37 3.33 7.37 15.52 57.59 
C 8 9,776 61.44 3.58 13.71 23.99 102.72 
D 11 11,120 120.36 13.08 26.21 41.43 201.08 
5 11,616 39.10 0.67 6.56 33.08 61.41 
F A 9,179 34.22 0.08 6.81 20.94 62.05 
C 3 4,932 27.23 3.05 4.09 10.98 45.35 
R 8 12,443 55.03 0.00 13.75 41.70 110.46 
I 6 7,819 71.34 0.00 15.91 23.13 110.38 
J 4 10,449 45.23 7.00 9.80 32.75 94.78 
K 11 9,477 113.77 5.23 33.41 31.07 183.51 
L 9 6,261 61.75 3.09 23.29 21.75 109.88 
M 10 9,102 103.45 3.67 19.84 35.56 163.52 
N 6 4,871 62.75 1.83 12.92 16.75 94.25 
0 6 6,417 33.84 2.10 9.93 21.14 67.01 
P 8 12,388 59.14 1.12 22.15 30.94 113.35 
Q 5 7,429 61.65 2.63 13.97 17.15 95.40 
Total 113 148,384 1,018.09 52.07 252.03 437.07 1,759.26 
Average 
per route 8,728 59.89 3.06 14.83 25.71 103.49 
Average 
per etop 1,313 9.01 0.46 2.23 3.87 15.57 
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Table 29. Averts' e route Urn per stop for 17 bulk milk. routes in ',Iiehita, 
Kansas Eilkshed, summer 1955. 
1 Average 
Youtes No. 2ounds Average per stop (minutes) t 
no. t farm : of milk t 
t stops t per stop : 
Fixed 
tine 
t 'Waste 
t 
t Lane 
t tine 
: Pumping 
t tine 
t Total 
t stop time 
A 
B 
5 
4 
1,436 
1,914 
7.28 
7.84 
0.32 
0.83 
2.06 
1.84 
3.64 
3.38 
13.30 
14.40 
C 8 1,222 7.68 0.45 1.71 3.00 12.84 
D 11 1,011 10.94 1.19 2.38 3.77 16.20 
E 5 2,323 7.82 0.13 1.71 8.62 16.28 
F 4 2,295 8.56 0.02 1.70 5.24 15.51 
a 6 1,644 9.08 1.02 1.36 3.66 16.12 
H 8 1,555 6.88 0.00 1.72 5.21 13.81 
1 6 1,303 11.69 0.00 2.65 16.40 
J 4 2,612 11.31 1.76 2.45 :.er 8 19 23.70 
11 862 10.34 0.48 3 .04  
2 
16.68 
L 9 698 6.86 0.34 2.59 .8 4 12.21 
1.1 10 910 10.34 0.37 1.98 3.68 16.35 
N 6 812 10.46 0.30 2.15 2.79 15.71 
0 6 1,070 5.64 0.36 1.68 3.52 11.17 
P 8 1,543 7.39 0.14 2.77 3.87 14.17 
Q. 5 1,486 12.33 0.53 2.79 3.43 19.08 
Average 
per stop 1,456 8.98 0.48 2.15 4.09 15.71 
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Table 30. Estimated annual costs for 18 bulk milk truoks, Wichita, Kansas, 
Miikshed, summer 1966. 
Estimated annual 
Truck : 
no. : 
:Ales 
of 
use 
s Tire 
s depreciation 
a cost 
I Tire 
s value 
s Interest cost 
s on 
:tire investment 
1 23,999 572.04 709.56 34.59 
2 52,012 697.20 422.02 21.10 
3 67,105 753.60 360.58 18.03 
4 49,202 686.66 434.63 21.73 
5 73,949 779.46 346.05 17.30 
6 49,366 687.23 434.10 21.70 
7 48,107 662.56 439.70 21.90 
8 51,574 695.56 423.84 21.19 
9 28,233 608.03 633.42 31.67 
10 61,028 731.01 382.26 19.11 
11 41,136 656.42 487.34 24.37 
12 21,462 511.58 770.23 38.51 
13 66,631 752.02 362.25 18.11 
14 37,978 644.58 516.93 25.85 
15 58,053 719.86 395.07 19.75 
16 39,110 648.82 505.91 25.30 
17 24,692 588.56 693.24 34.66 
18 17,757 423.26 858.55 42.93 
Total 811,394 11,838.70 9,175.88 458.79 
Averace 45,077 657.71 509.77 25.49 
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Statistical Assumptions 
Statistical tests used in this study are based on the assumption of 
random samples from an infinite population. The assumption is made that each 
observation for the dependent variable is made up of a systematic part and an 
erratic component. These erratic components can be assumed to be errors of 
observation, and are a sample from a hypothetical infinite population of all 
possible errors of observation in the dependent variable Y. The assumption 
was made that these data are a single sample from the hypothetical infinite 
population of observations of Y upon repeated measurements of the sans 
variables of the same trucks oonsidered in this analysis. 
Signifioance tests were not computed for equations 2 and 3 since the 
dependent variable in these equations are derived from budget data. 
It will be noted that the annual miles of travel for the can trucks was 
less than the estimated miles of travel for the bulk trucks. Consequently in 
this analysis a linear extrapolation of cost functions derived from the can 
milk truoks was made on the judgment that the linear functions would apply in 
the operating range of the bulk trucks. Recognition of this judgment extra- 
polation must also be made when estimating prediction intervals beyond the 
range of the observed data. In equation $ an equation of the form Y = a + b1X2 + 
b2X12 provides a better fit than the equation used here. However the extra 
oomplications of the use of the above function did not appear justified in 
view of the minor importance of this cost item in the analysis. 
Table 31. 3efres3ion ooeficients and related statistics for specified functions. 
IUnctions 1 i 2 4 a 7 8 $ 9 10 I 
Va/ne of a f.nrit37wItio 
form) -17.662500 x:.,2.;.22 :00 4::. 3:.100:) -Z1.31300 .347.846000 -36.312500 Z.910900 11.597..;00 0.649600 -,:.104300 
Value of b 0.0213000 0.006000a .o.ocoe..00a 0.001400a 0.143643a 01293804 1.382600a 1.170600a 1.001300a r.003000a 
'tae e-trd error of bi 0.00009E 0.000430 0.022460 0.004600 0.049670 0.070,>00 0.000102 0.0(X3036 
0.51940e 0.942400 
-0.945900 0.379700 0.363000 0.871901 0.9813400 0.954900 0.907900 0.740700 
M2,790000 067.710000 25.400000 2C 610000 6,810.126000 1,210.000000 11.930000 4-';.320000 .,:.frrn000 2;'.300CX)0 
4%743.000000 45,077.440000 46,077.t40000 ,K,743.800000 42,960.4375100 4',743.000000 3.800000 51.330000 ,311.130000 
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dollars annual true!: repair costs Oh anzraal 01.1.ms 01 travel, 15 can milk trucks, Wichita area, 1066. 
dollars annual tire depreoiation on estizate0 annual Wiles of uoe, 18 tank milk trucks, A.Chita, 1956. 
dollars of annual overage interest on investment in tirrs on estimated annual riles of o, 1E tad! 0.111: true n, 
dollars 4LibleG tiro repairs OD annual mil:03 7$f 'rne, 1C can milk trucks, Wichita area, 1055. 
annual gallons of oas as0d on =Mai silo:, o2 tray.)1, 1( can nilk trucks, ";4ohita area, 1955. 
annual cost of gasoline on annual riloe of travel, 18 e:_n milk trunks, Wichita area, 197,5. 
nitrites travel time on riles between bulk stops, vaohiza bulk milk routes, summer 1955. 
minutes travel tire on miles from lo2t stuy.) to 0ic7ita oity limits, Vichita bulk milk rou'ues, w-lmor, 1955. 
minutes; pupping, tire on pounds of silk pumped at n far, stop, Wichita bulk milk routes, scat or, 1965. 
rinutes or pumpinc time at plants OP pounds of milk pse-ed, Vichita bulk milk rcutcs, o::.swir 1955. 
1056. 
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Hauling Rate Structure 
No uniforn method of charging for hauling services was used during the 
sum er of 1956. Most haulers varied their rate from producer to producer al- 
though four haulers charged the same rate to each producer on the route. 
Several general systems of rato charges can be described in order of their 
complexity. The simplest system was a single flat rate charged all producers 
on a given route. A multiple flat rate system was used on other routes. Flat 
rates were charged each producer for the month but these rates varied from 
producer to producer along the route. A single flat rate plus a fixed charge 
per stop was used on one route. On other routes, a single schedule of rates 
varying with volume was used. Eiach producer was charged a rate varying with 
his volume but this schedule of volume rates was available to each of the pro- 
ducers on the route. Multiple schedules of rates varying with volume were 
also in use. For certain reasons, some producers with equal volumes were 
assigned to a different rate schedule. Increasing in the order of complexity 
were route rate structures in which part of the producers were charged a 
single flat rate and other producers on the same route wore charged according 
to a single volume rate schedule. Still other routes used a multiple flat 
rate system plus a single volume rate schedule. Probably the most complicated 
route rate structures were those where a multiple flat rate system was used 
in conjunction with multiple volume rate schedules. 
Since the over-all rate structure in the Wichita market was in a 
process of adjustment, no detailed analysis was made of the relation of rates 
charged to such factors as volume per stop, distance from market, and con- 
dition of roads. However the total revenue per route was computed by 
applying the individual farm rates to the volume picked up at each farm during 
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the sample period. These revenues and the weighted average rate per route 
are presented in Appendix Table 32. 
Table 32. Total revenue and noighted average hauling rates for 40 bulk milk 
routes in sample period July 1956, Wiohita, Kansas, Mil:T.shed. 
t t 1 
Truck t Route t No. of 1 Total 
no. : no. t stops t route 
t e : revam.e 
e Hauling rates 
t Weighted 
t average 
e route rate 
: High 
t rate on 
t route 
t Low 
t rate on 
t route 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
a 
b 
c 
d 
f 
g 
h 
i 
j 
k 
1 
m 
n 
o 
p 
q 
s 
t 
u 
v 
w 
x 
y 
a 
al 
b 
1 
'11 
-1 
el 
f 
1 
gi 
151.1 1
i1 
k 
1 
1., 
ri t 
ni 
11 
6 
11 
14 
8 
7 
7 
6 
14 
14 
8 
7 
7 
15 
9 
12 
11 
11 
14 
9 
10 
11 
12 
7 
1 
7 
6 
8 
4 
6 
11 
2 
11 
4 
7 
10 
9 
7 
12 
9 
039.17 
22.80 
47.31 
49.13 
32.29 
31.62 
25.47 
25.05 
43.69 
22.70 
55.13 
47.63 
21.91 
32.26 
36.05 
35.17 
42.40 
41.84 
56.32 
43.81 
35.72 
57.47 
60.31 
30.15 
10.04 
35.97 
22.15 
25.95 
12.2:: 
41.25 
53.78 
15.38 
45.55 
24.25 
45.18 
37.30 
26.53 
18.85 
44.50 
.2.26 
.0.296 
0.300 
0.355 
0.351 
0.266 
0.257 
0.270 
0.263 
0.350 
0.660 
0.420 
0.359 
0.598 
0.336 
0.334 
0.327 
0.369 
0.280 
0.353 
0.279 
0.263 
0.422 
0.434 
0.257 
0.250 
0.329 
0.250 
0.277 
.2 i9 
0.412 
0.457 
0.300 
0.400 
0.450 
0.450 
0.250 
3.254 
0.250 
0.335 
0.279 
=0.300 
0.300 
0.400 
0.360 
0.341 
0.314 
0.424 
0.382 
0.3e0 
0.360 
0.420 
0.370 
0.500 
0.400 
0.550 
0.350 
),400 
0.320 
0.400 
0.300 
0.300 
0.530 
0.450 
0.300 
0.250 
0.400 
0.250 
0.500 
J.600 
0.450 
0.450 
0.300 
0.400 
0.450 
0.450 
0.250 
0.300 
0.250 
0.350 
0.400 
-0.200 ,/ 
0.300 =V 
0.300 
0.350 -31' 
0.233 
0.223 
0.235 
0.243 
0.360 Iv 
0.360 4W 
0.420 
0.350 5/ 
ze 
0.370 
0.300 
0.300 V 
0.300 
0.3501 
0.225 
0.320 .a/ 
0.250 
0.250 .P./ 
0.350 
0.420 
0.250 
0.253 
0.250 k 
0.250 
0.200 n, 
(0).2t '51 
0.400 
-4/ 
0.300 
0.400 .3./ 
0.450 
0.450 
0.250 
0.250 3/ 4 
0.253 
0.303 r 
0.200 1 
][71:77;tive rates for actual volume for the day used in this study. 
.1/ Rates charged for the month of July, 1956, based on adaily; s:Fe daily; volume. 2 Flat rate in effect during July, 1956. 
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The major objective of this study was to determine the cost of hauling 
milk by the bulk method in the Vachita, Kansas, Milkshed. To achieve this 
objective, truck and tank cost functions and labor time functions were 
developed in the analysis. Another objective was to determine possible 
improvements in the present bulk assembly process of the market. 
A two and one-half ton type A truck with a 1700 gallon type A bulk tank 
was the unit of technology specified in the analysis. Annual average costs 
were commuted for a two year period for this unit. Truck costs were divided 
into chassis, tires, overhead and operating oo-ts. Separate costs wore 
obtained on the chassis and tires because different methods were used on these 
items to determine depreciation and annual investment. Tank costs were computed 
separately from these costs. Functions were developed for route labor time and 
plant labor time. 
The synthetic method was used in the analysis. Data were obtained from. 
survey &eats, plant records, personal interviews, time and motion study, 
truck and tank manufacturers, tire dealers, and governmental and private 
agencies. 
Functions developed in the analyses were applied to 40 bulk routes which 
existed in the IVichita TAilkshed in July 1956. The miles of travel, number of 
stops, and pounds of milk were obtained for each of these routes. Wage rates 
of 31.60 and e2.10 per hour were applied to total labor time on each of these 
routes. Total costs were calculated for each route. Average annual fixed 
costs wore allocated to routes by days. Fixed and variable costs for annual 
miles of travel were allocated to routes by miles. Cost per mile and per 
hundredweight of milk were obtained from total route costs. Average cost per 
route mile varied from 16.14 to 43.25 cents for the L1.60 wage rate and from 
18.24 to 48.16 cents for the $2.10 wage rate. Average cost per hundredweight 
2 
of milk varied from 12.37 to 47.99 cents for the $1.60 wage rate and from 
14.16 to 53.55 cents for the $2.10 wage rate. An allowance for management 
and normal profits was not included in the estimated costs. 
Costs obtained in this study were based on certain assumptions and 
average cost relationships. Two years of use was assumed for the truck and 
was the period of time used to develop cost functions. The truck was assumed 
to be average. Labor was assumed to be fully employed at all tines. It 
should not ha inferred, therefore, that the cost obtained on the sample routes 
are actual costs. However, they do serve as bench marks for comparison with 
alternative methods of hauling bulk milk. 
Bulk milk hauling costs with present route organisation could be reduced 
by increasing the number of loads of milk hauled per truck per day. Routes 
could also be reorganised to provide greater over-all efficiency in bulk milk 
assembly. Institutional arrangements in the market are factors in the efficiency 
of a milk procurement system. Additional studies are needed for alternative 
methods of bulk milk assembly. 
